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A Job Analysis of the Knowledge Important 
For Newly Licensed (Certified) General Science Teachers 

Richard J. Tannenbaum 

Executive Summary 

A job analysis was conducted to define a knowledge domain important for newly licensed 
(certified) general science teachers to perform their jobs in a competent manner. The results of 
the job analysis will be used to develop test specifications for the Praxis II Subject Assessment in 
General Science. 

An initial draft domain of important knowledge statements was constructed by Educational 
Testing Service (ETS) Test Development staff with subject-matter expertise in chemistry, 
physics, biology, and earth and space science (specific disciplines of science that are believed to 
constitute general science) and ETS Research staff with expertise in job analysis. In the process 
of developing the draft, the ETS subject-matter experts reviewed state licensure (certification) 
requirements and relevant professional literature. 

The draft domain for general science consisted of seven major knowledge areas partitioned 
into various subareas and 278 specific knowledge statements. The seven major knowledge areas 
were: (1) Scientific Metliodology/Tecliniques/History, (2) Basic Principles of Science, (3) 
Pliysics, (4) Cliemistry, (5) Biology, (6) Eartli and Space Science, and (7) Science, Teclinology, 
and Society. 

The draft domain was them reviewed by an Advisory /Test Development Committee. This 
committee consisted of three teachers (one middle school and two secondary school), three 
teacher educators, and a state administrator with expertise in chemistry, physics, biology, and 
earth and space science. The purpose of this committee was to modify the draft domain so that 
it accurately reflected what the members of the committee believed were the knowledge 
important for newly licensed (certified) general science teachers. This modification process 
occurred during a two-day meeting held at ETS. The outcome of the modification included only 
minor wording changes and the addition and deletion of some knowledge statements. 

The revised domain was then subject to verification/refutation through a national survey of 
general science education professionals (i.e., teachers, teacher educators, and state 
administrators). The participants were asked to rate the specific knowledge statements in terms 
of importance for and level of understanding needed by newly licensed (certified) general science 
teachers. 

Three types of data analysis were conducted to support the development of content valid 
(content relevant) test specifications for the Subject Assessment in General Science: (1) means 
of the importance ratings were computed for each knowledge statement by groups of education 
professionals and by appropriate subgroups of respondents; (2) correlations of the profiles of 
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these mean importance ratings were computed across the groups of education professionals and 
within the appropriate subgroups of respondents; and (3) percents were computed across each 
of the five response categories associated with the level of understanding rating scale for each 
knowledge statement. These percents were computed at the aggregate level of the survey 
respondents to provide more easily interpretable, and therefore, useful information to the 
Advisory/Test Development Committee. To be included in the mean and correlational analyses, 
a respondent category was required to have at least 30 respondents (e.g., > 30 state 
administrators, ^ 30 females). This is a necessary condition to ensure that the computed mean 
values are accurate estimates of the corresponding population mean values (Walpole, 1974). 

A mean importance rating cutpoint of 2.50 (midpoint between moderately important and 
important) was established to designate knowledge statements as eligible (> 2.50) or ineligible 
( < 2.50) for inclusion in the development of test specifications. 

The results of the mean analysis conducted by teachers and teacher educators (an 
insufficient number of respondents (n = l) had identified themselves as state administrators for 
analysis) indicated 89 knowledge statements were rated less than 2.50. This represents 33% of 
the content domain. Twenty-eight additional knowledge statements were rated below 2.50 by 
one or more of the subgroups (geographic region, sex, teaching experience) of respondents. In 
total, 117 of the 270 statements (43%) did not meet the 2 JO criterion for inclusion. Still, 
however, 57% of the domain (153 statements) is eligible for inclusion in the development of test 
specifications. 

The computation of correlation coefficients to assess agreement in terms of perceived 
relative importance of the knowledge statements revealed a high level of agreement. The 
coefficients for comparisons among teachers and teacher educators was .81; and the coefficients 
generated by the subgroup analyses all exceeded .90. 

The 153 knowledge statements that were verified to be important by the surveyed teachers, 
teacher educators, and the subgroups should be used as the foundation for the development of 
test specifications. Test specifications that are linked to the results of a job analysis provide 
support for the content validity of the derived assessment measures and may be considered as 
part of an initial step in ensuring the fairness (to subgroups of general science teacher 
candidates) of the derived assessment measures. It is reasonable to assume that, due to testing 
and psychometric constraints (e.g., time limits, ability to measui'e reliably some content), not aU 
of the verified content may be included on the assessment measures. One source of information 
that may be used to guide the Test Development Committee in their decision of what verified 
content to include on the assessment measures is the mean importance rating. Although a rank 
ordering of the content by mean importance rating is not implied, it is recommended that initial 
consideration be given to content that is well above the cutpoint and represents the appropriate 
breadth of content coverage. 
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The results of the analysis of the level of understanding rating scale indicated that 66% of 
the knowledge statements should be measured between the levels of comprehension and 
application /utilization; and an additional 31% should be measured between the levels of 
application /utilization and analysis. 

Evidence was also provided in this study of the judged importance of the seven major 
content areas and the comprehensiveness of the knowledge domain. These two pieces of 
information have implications for the adequacy of the general science knowledge domain. If the 
domain was adequately defined then each major content area should have been judged to be 
important and well covered. The results support the adequacy of the defined knowledge 
domain. With respect to importance (see Table 1), both teachers and teacher educators judged 
the content areas to be important (scale value of 3.00). With respect to content coverage (see 
Table 4), both teachers and teacher educators judged the content areas to be well covered (scale 
value of 4.00). 
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A Job Analysis of the Knowledge Important 
for Newly Licensed (Certified) General Science Teachers 

Introduction 

The Subject Assessments in the Sciences of The Praxis Series: Professional Assessments 
for Beginning Teachers™ offer a multiple-choice core test and one or more candidate- 
constructed-response modules. The optional modules include Content Area Performance 
Assessments that allow candidates to demonstrate in-depth understanding of the subject and 
Content-Specific Pedagogy modules to demonstrate knowledge about teaching the subject. The 
Praxis Series can be used by state agencies as one of several criteria for initial teacher licensure 
(certification). One of the Subject Assessments in the Sciences covers the subject area of 
general science. To identify the content domain of this examination and to support the content 
validity (content relevance) of this examination, a job analysis was conducted of the knowledge 
important for newly licensed (certified) general science teachers. This report will describe the 
job analysis. In particular, it will present the (1) methods used to identify and define the job- 
related knowledge, (2) types of statistical analysis conducted, (3) results of these analyses, and 
(4) implications of the results for developing test specifications. 

Standards for Educational and Psychological Testing 

The Standards for Educational and Psychological Testing (1985) is a comprehensive technical 
guide that provides criteria for the evaluation of tests, testing practices, and the effects of test 
use. It was developed jointly by the American Psychological Association (APA), the American 
Educational Research Association (AERA), and the National Council on Measurement in 
Education (NCME). The guidelines presented in the Standards have, by professional consensus, 
come to define the necessary components of quality testing. As a consequence, a testing 
program that adheres to the Standards is more likely to be judged to be valid (defensible) than 
on 3 that does not. 

There are two categories of criteria within the Standards, primary and secondary. Those 
classified as primary "should be met by all tests . . . unless a sound professional reason is 
available to show why it is not necessary, or technically feasible, to do so in a particular case. 
Test developers and users ... are expected to be able to explain why any primary standards 
have not been met" (AERA/APA/NCME, 1985, p. 2). One of the primary standards is that the 
content domain of a licensure or certification test should be defined in terms of the importance 
of the content for competent performance in an occupation. "Job analyses provide the primary 
basis for defining the content domain." (p. 64). 

The use of job analysis to define the content domain is a critical component in establishing 
the content validity of licensure and certification examinations. Content validity is the principle 
validation strategy used for these examinations. It refers to the extent to which the content 
covered by an examination overlaps with the important components (tasks, knowledge, skills, or 
abilities) of a job (Arvey & Faley, 1988). Demonstration of content validity is accomplished 
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through the judgments of subject-matter experts. It is enhanced by the inclusion of large 
numbers of subject-matter experts who represent the diversity of the relevant areas of expertise 
(Ghiselli, Campbell, &. Zedeck, 1981). The lack of a well-designed job analysis is frequently 
cited (by the courts) as a major cause of test invalidity. 

Job Analysis 

Job analysis refers to procedures designed to obtain descriptive information about the tasks 
performed on a job and/or the knowledge, skills, and abilities thought necessary to perform 
those tasks (Gael, 1983). The specific type of job information collected by a job analysis, is 
determined by the purpose for which the information will be used. For purposes of developing 
licensure and certification examinations, a job analysis should identify the important knowledge 
or abilities necessary to protect the public -- interpreted as the importance of the content for 
competent performance In an occupation (Standards for Educational and Psychological Testing, 
AERA/APA/NCME, 1985). In addition, a well-designed job analysis should include the 
participation of various subject-matter experts (Mehrens, 1987); and the data collected should be 
representative of the diversity within the job. Diversity refers to regional or job context factors 
and to subject-matter-expert factors such as race\ethnicity, experience, and sex (Kuehn, Stallings, 
& Holland, 1990). The job analysis conducted for general science was designed to be consistent 
with the Standards and current professional practices. 

Objectives of the Job Analysis Study 

The objectives of this study were: (1) to construct a comprehensive domain of knowledge 
that is important for newly licensed (certified) general science teachers; and then (2) to obtain, 
using survey methodology, the independent judgments of a national sample of general science 
education professionals (teachers, teacher educators, state administrators) to verify or refute the 
importance of the domain of knowledge. The verification/refutation component serves a critical 
role to ensure that the domain (in whole or in part) is judged to be relevant to the job of a 
newly licensed (certified) general science teacher by a wide range of educational professionals. 
It is those knowledge areas that are verified to be important that will be used in the 
development of test specifications for The Praxis II Subject Assessment in General Science. 

Method 

In overview, the methodology consisted of defining the knowledge important for newly 
licensed (certified) general science teachers to perform their jobs in a competent manner. This 
was accomplished first by having subject-matter experts define a domain of knowledge important 
for newly licensed (certified) general science teachers and then by presenting these judgments 
for verification or refutation through a national survey of general science education 
professionals. This functions as a "check and balance" on the judgments of the subject-matter 
experts and reduces the likelihood that unimportant knowledge will be included in the 
development of the test specifications. The survey participants were general science teachers 
and state administrators whose names were obtained from the memberships of the (1) National 
Science Teachers Association and (2) National Science Supervisors Association. (It was not 
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possible a pri; ■ \ to identify reliably teacher educators of general science.) The participants were 
asked to rate specific knowledge statements in terms of importance for and level of understanding 
needed by newly licensed (certified) general science teachers to perform their jobs in a 
competent manner. The specific steps in the job analyses are described below. 

Build a Draft Domain of Knowledge 

The first step in the process of conducting the job analysis was to construct a preliminary 
knowledge domain. This draft would function as the initial definition of the knowledge domain 
of newly licensed (certified) general science teachers. The domain was constructed by 
Educational Testing Service (ETS) Test Development staff with subject-matter expertise in 
chemistry, physics, biology, and earth and space science (specific disciplines of science that are 
believed to constitute general science) and ETS Research staff with expertise in Job analysis. In 
the process of developing the draft, the ETS subject-matter experts reviewed state licensure 
(certification) requirements and relevant professional literature. 

The draft domain for general science consisted of seven major knowledge areas partitioned 
into various subareas and 278 specific knowledge statements. The seven major knowledge areas 
were: (1) Scientific Methodology/Techniques/History, (2) Basic Principles of Science, (3) 
Physics, (4) Chemistry, (5) Biology, (6) Earth and Space Science, and (7) Science, Technology, 
and Society. 

Advisory /Test Development Committee Meeting 

Consistent with a content validity framework, the job analysis study was designed to obtain 
input from many subject-matter experts at several critical points in the domain definition 
process. To this end, an Advisory/Test Development Committee of three teachers (one middle 
school and two secondary school), three teacher educators, and a state administrator with 
expertise in chemistry, physics, biology, and earth and space science was formed (see Appendix 
A for list of members). This committee also had representation by race/ethnicity, sex, and 
geographic region. The purpose of this committee was to review the draft domain in terms of 
its overall structure, completeness, appropriateness of the knowledge statements, and clarity of 
wording. In addition, the members were asked to identify other content areas and/or 
knowledge statements that they believed should be added to the domain and to delete 
knowledge statements that they believed should not be included in the domain. In essence, the 
members were asked to modify the domain so that it accurately reflected what the committee 
believed were the knowledge statements important for newly licensed (certified) general science 
teachers. The committee also reviewed and approved the rating scales for the national survey 
and the biographical data that would be asked of the survey participants. The biographical data 
were collected to describe the composition of those who returned completed surveys and to 
permit analysis of the survey responses by various subgroups of respondents (e.g., males and 
females). 
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The revision process occurred during a two-day meeting held at ETS. The meeting was led 
jointly by ETS Test Development and Research staff. (Prior to the meeting, the members of the 
committee were mailed a copy of the draft domain to review. They were informed about the 
purpose of the meeting and asked to come prepared to discuss their review of the draft 
domain.) During the course of the meeting, the domain was revised to reflect the consensus of 
the committee. This resulted in minor wording changes and the addition and deletion of some 
knowledge statements. However, no significant changes occurred in the structure of the domain. 

Pilot Test of the Job Analysis Survey 

Prior to the national administration, the job analysis survey was mailed to a small gr'- ,p of 
chemistry, physics, biology, and earth and space teachers. These pilot participants were asked to 
review the survey for clarity of wording and instruction, ease of use, and comprehensiveness of 
content coverage. They were asked to make their comments on a questionnaire that 
accompanied the survey and to mail the questionnaire and survey back to ETS in a postage-paid 
envelope. No significant revisions were suggested by the pilot participants. 

Final Survey Format 

The finalized job analysis survey (see Appendix B for a copy of the survey) consisted of 
three parts. Part I included the seven major content areas, 270 specific knowledge statements, 
and seven overall importance statements (one for each major content area). Space was also 
provided for respondents to add knowledge statements that they believed should be included in 
the domain. In addition, the respondents were asked to rate, using a 5-point scale, how well the 
knowledge statements within a major content area covered the important aspects of that major 
content area. This provides an indication of content coverage. The knowledge statements were 
judged using two rating scales. One was an importance scale: 

How important is an understanding of this knowledge area for newly licensed (certified) teachers of general 
science courses (also including physical science courses, life science courses, and earth science courses, 
primarily grades 7-9) if they are to perform their jobs in a competent manner? 

(0) Of no importance 

(1) Of little importance 

(2) Moderately important 

(3) Important 

(4) Very important 

This scale is consistent with the Standards emphasis on identifying a content domain that is 
important for competent job performance. The other scale addressed the level of understanding 
needed for competent job performance: 
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What level of understanding is typically needed by newfy licensed (certified) general science teachers in 
each knowledge area? 



(0) An understanding of the knowledge area is not needed 

(1) Requires the ability to define the terms used in the knowledge area 

(2) Requires the ability to comprehend the essential properties of the knowledge area 

(3) Requires the ability to qpply/utilize the knowledge area to address problems or questions 

(4) Requires the ability to analyze the knowledge area into component parts and explain the 
interrelationships among the parts 

This rating scale was designed to provide Test Development staff, responsible for developing test 
specifications, with information that may assist in their decisions about the level of cognitive 
complexity that should be represented on the specifications. Both of these rating scales were 
reviewed and approved by the Advisory /Test Development Committee. 

Part II asked the participants to indicate the relative weight that each of the major 
content areas should receive on the examination. This was accomplished by their distributing 
100 total points across the major content areas. These point distributions were easily converted 
into percentages, representing the percent of items that the survey respondents believed should 
be devoted to each area. 

Part III was the background information section. The survey participants were asked to 
respond to several questions that described their demographic makeup (e.g., teaching 
experience, age, sex, race/ethnicity). This information was used to describe the survey 
respondents and to perform relevant subgroup analyses. 

Administration of the Job Analysis Survey 

The job analysis survey, accompanied by a letter of invitation to participate (see 
Appendix C for a copy of the letter), was mailed to 700 education professionals. The 700 
education professionals represented: 650 teachers (13 per state) and 50 state administrators 
(1 per state). (It was not possible a priori to identify reliably teacher educators of general 
science.) These individuals were randomly selected from the memberships of the National 
Science Teachers Association and the National Science Supervisors Association. Approximately 
one week after the surveys were mailed, a follow-up postcard was mailed to the participants 
reminding them to complete and return the surveys. 

The purpose of' the survey administration was to identify a core of knowledge statements 
that relatively large numbers of education professionals judged to be relevant (verified to be 
important) to newly licensed (certified) general science teachers. This is accomplished by 
analyzing the mean importance ratings provided by the suiveyed groups of educational 
professionals and by the appropriate subgroups of respondents. Knowledge statements that are 
judged to be important by all respondent groups and subgroups define the core. The core 
becomes the primary database for the development of test specifications. The derivation of test 
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specifications from those knowledge statements verified to be important by the surveyed 
educational professionals provides a substantial evidential basis for the content validity (content 
relevance) of the Subject Assessment in General Science. 

Results 

Data Analyses of Survey Responses 

Three types of data analysis were conducted to support the development of content valid 
(content relevant) test specifications for the Subject Assessment in General Science: (1) means 
of the importance ratings were computed for each knowledge statement by the groups of 
educational professionals and by the appropriate subgroups of respondents; (2) correlations of 
the profiles of these mean importance ratings were computed across the groups of educational 
professionals and within the appropriate subgroups of respondents; and (3) percents were 
computed across each of the five response categories associated with the level of understanding 
rating scale for each knowledge statement. These percents were computed at the aggregate 
level of the survey respondents to provide more easUy interpretable, and therefore, useful 
information to the Advisory /Test Development Committee. To be included in the mean and 
correlational analyses, a respondent category was required to have at least 30 respondents (e.g., 
> 30 state administrators, ^ 30 females). This is a necessary condition to ensure that the 
computed mean values are accurate estimates of the corresponding population mean values 
(Walpole, 1974). 

Means . The mean analysis is used to determine the level (absolute value) of importance 
attributed to the knowledge statements by each of the groups of surveyed education 
professionals and by appropriate subgroups of respondents (sex, race/ethnicity, geographic 
region, teaching experience). Knowledge statements that meet or exceed a mean importance 
value of 2.50 (to be discussed in a later section) by all groups of education professionals and by 
all subgroups of respondents may be included in the development of the test specifications. In 
addition, mean ratings were computed for the responses to the content coverage section and the 
recommendation for test content section of the job analysis survey. 

Correlations . The correlational analysis is used to determine the extent of agreement 
among the groups of education professionals and within the subgroups of respondents about the 
relative importance of the knowledge statements. Relative importance refers to the similarity of 
the pattern of mean ratings generated by the different respondent groups. For example, the 
profile of 270 mean ratings for general science teachers is correlated with the profile of 270 
mean ratings for state administrators. If these two profiles are similar (the shapes of the 
profiles are complementary), the value of the correlation coefficient will be close to 1.00. 

Percents . The percent analysis may be used by test development committees to guide 
their decisions about the level of cognitive complexity that should be represented on the 
examinations. By inspecting where among the five response categories the largest percentages 
are located, test developers may, more accurately, be able to construct examination items at an 
appropriate cognitive level for beginning (newly licensed or certified) general science teachers. 



Educational Testing Service, ETS and the ETS logo are registered trademarks of Educational Testing Service. The Praxis Series: 
Professional Assessments for Beginning Teachers and its design logo are trademarks of Educational Testing Service. 



er|c 



18 



Criterion for Interpretation of Mean Importance Ratings 



Since the purpose of job analysis is to ensure that only the more important knowledge 
statements are included in the development of test specifications, a criterion (cutpoint) for 
inclusion needs to be established. A reasonable criterion that has been used in a similar job 
analysis study (Rosenfeld & Tannenbaum, 1991) is a mean importance rating that represents the 
midpoint between moderately important and the next higher scale value. For the importance 
rating scale used in the present job analysis, the value of this criterion is 2.50 (midpoint between 
moderately important and important). It is believed that this criterion is consistent with the 
intent of content validity, which is to include important knowledge in the assessment measure 
and to exclude unimportant knowledge from the assessment measure. Therefore, knowledge 
statements that receive a mean importance rating of 2.50 or more may be considered eligible for 
inclusion in the development of test specifications; knowledge statements that receive a mean 
rating of less than 2.50 may not be considered for inclusion. (However, because survey 
participants were not involved in the development of the content domain, they may lack certain 
insights that the Advisory /Test Development Committee members have due to their high level 
of involvement in the definition of the domain. As a consequence, if the comj littee believes 
that a knowledge statement rated below 2.50 should be included in the specific tions and the 
committee can provide compelling written rationales, that knowledge statement may be reinstated 
for inclusion in the test specifications.) 

Survey Respondents 

Response rate . Of the 700 total surveys that were mailed, nine were returned due to an 
invalid mailing address. Thus, 691 surveys were actually administered. Of these 691, 178 were 
returned. This represents an overall response rate of 26% (178/691). 

Demographic characteristics of the agg re gate of the survey respondents . Sixty-nine 
percent of the respondents were between the ages of 35 years and 54 years. Fifty-four percent 
were males and 46% were females. The majority of respondents (88%) were White. Half 
(50%) had 11 or more years of teaching experience in general science. Seventy percent 
identified themselves as regular teachers (not substitutes); less than 1 percent identified 
themselves as state administrators; and 20% identified themselves as college faculty. (Thus, 
although it was not possible a priori to identify college faculty in the sampling plan, a sufficient 
number of respondents (n=33) had identified themselves as such for subsequent analysis. In 
contrast, an insufficient number of respondents (n= 1) had identified themselves as state 
administrators for subsequent analysis.) Twenty-six percent of the respondents were from the 
Northeast region of the country; 27% were from the Central region; 31% were from the 
Southern region; and 15% were from the Far West region. A complete breakdown of the 
demographic characteristics of the respondents is provided in Appendix D. 
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Results of Data Analyses: Teachers and Teacher Educators 



Mean importance . The mean importance rating for each of the 270 knowledge 
statements is provided in Appendix E. The means are presented for (1) teachers (n= 119) and 
(2) teacher educators (n=33). Inspection of these distributions of mean ratings indicated that 
teachers rated 27% of the knowledge statements (n=74) 3.00 (important) or higher; teacher 
educators rated 29% of the knowledge statements (n = 79) 3.00 or higher. A comparison of the 
means across the two groups indicated that teacher educators rated 144 knowledge statements 
(53%) higher than did teachers. 

The overall mean importance ratings for the seven major content areas were also 
computed for teachers and teacher educators. The means are presented in Table 1. All the 
means were close to or exceeded 3.00. This indicates that each major content area was judged 
to be important by both groups of respondents. 



Table 1 

Overall Mean Importance Ratings for Each of the Seven M^jor Knowledge Areas by Teachers and Teacher 
Educators 



Means 



Major Content Areas 


Teachers 


Teacher 
Educators 


Scientific Methodology/Techntques/History 


3.37 


3.36 


Basic Principles of Science 


3.15 


3.13 


Physics 


2.95 


3.18 


Chemistry 


2.94 


3.07 


Biology 


3.47 


3.38 


Earth and Space Science 


3.27 


3.07 


Science, Technology, and Society 


3.21 


3.10 



As previously discussed, knowledge statements that received a mean importance rating of 
less than 2.50 (midpoint between moderately important and important) may not be considered 
for inclusion in the development of test specifications, unless a compelling written rationale is 
provided by the committee for their reinstatement. Those knowledge statements rated less than 
2.50 by the teachers and/or the teacher educators are presented in Appendix F. Of the 270 
individual knowledge statements, 89 (33%) were rated below 2.50; and of these 89 statements, 
approximately one-third (35%) were rated below 2.50 only by the teachers. 
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Correlation of the profiles of mean importance ratings . The profiles of mean 
importance ratings for the teachers and teacher educators were correlated. The value of the 
correlation coefficient was .81. This indicates that there is a high level of agreement between 
the two respondent groups in terms of the relative importance of the knowledge statements. 

Percents . The percent of responses for each of the five categories associated with the 
level of understanding rating scale was computed for the aggregate of the survey respondents. 
This analysis provides some overall guidance with respect to the level of cognitive complexity 
that should be represented on the Subject Assessment in General Science. The percents are 
displayed in Appendix G. Inspection of these percent distributions indicates that for 178 
knowledge statements the two highest percentages were between levels 2 (comprehension) and 3 
(application /utilization); and for 83 knowledge statements the two highest percentages were 
between levels 3 and 4 (analysis). 

Results of Data Analyses: Subgroups of Respondents 

Mean importance . A significant contribution towards the accumulation of evidence in 
support of the job-relevance of the Subject Assessment in General Science is the verification of 
the importance of the knowledge statements by a wide range of education professionals. 
Therefore, mean importance ratings for each knowledge statement were computed for the 
following subgroups of respondents: (1) geographic region (Northeast, n=46; Central, n=48; 
Southern, n=55); (2) sex (female, n=81; male, n=95); and (3) teaching experience' (< 10 years, 
n=46; > 10 years, n=69). The means are presented in Appendix H. An analysis of importance 
ratings by geographic region is consistent with recent legal emphasis on addressing regional job 
variability when conducting job analysis for content domain specification purposes (Kuehn et al., 
1990). TTie three geographic regions included for analysis are consistent with the categorization 
established by the National Association of State Directors of Teacher Education and 
Certification (NASDTEC). (The fourth region recognized by NASDTEC, Far West, was not 
included because there was an insufficient number of respondents from that region, n=27.) Sex 
was included because it represents a protected "class" under Title VII of the Civil Rights ACT of 
1964. (Race/ethnicity was not included in the subgroup analyses because of the insufficient 
number of minority respondents, n=20.) The dichotomous breakdown of teaching experience at 
the 10-year point was chosen so that the judgments of relatively less experienced teachers will be 
represented and so that the judgments of relatively more experienced teachers will be 
represented. 

The results of the subgroup analysis indicated that 28 additional knowledge statements 
(i.e., beyond the 89 statements previously identified by the mean analysis conducted on the 
teachers and teacher educators) were judged to be below the 2.50 cutpoint. The 28 statements 
are presented in Table 2. Inspection of Table 2 indicates that respondents from the Northeast 
and Central regions and respondents with less than or equal to 10 years of teaching experience 
account solely for 27 of the 28 flagged statements. 



' Teaching experience includes only those respondents who had identified themselves as regular teachers or permanent substitutes. 
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Table 2 

Knowledge Statements Rated Below 2^0 by Geographic Region, Sex, and Teaching Experience 





GEOGRAPHIC REGION 


SEX 


TEACHING 
EXPERIENCE 






c 


e 


p 


M 


slO 


>10 




N = 4o 


kl ~ AO 

N — 4o 


N = 50 


Kl — £11 








A. SCIENTIFIC METHODOLOGY/TECHNIQUES/HISTORY 
















9 Significant figures in measurement and calculation 












2.39 




B. BASIC PRINCIPLES OF SCIENCE 
















33 Heat cap./thermal exchange/heat of fusion and 
veiporization 


2.41 


2.41 






2.48 


2.24 




36 First law of thermodynamics 


2.44 














43 Chemical properties related to electron configuration 




2.40 








2.48 




C. PHYSICS 
















51 Rel. ami>«« position, velocity, and centripetal 
acceleration for uniform circular motion 












2.38 




74 Motors 




2.47 








2.48 




75 Sources of EMF (e.g., batteries, solar cells, 
generators) 




2.49 












93 Laser light 




2.47 












D. CHEMISTRY 
















114 Rel. among phases of matter, forces between 
particles, particle energy 


2.47 














116 Rel. among volume/pressure/temperature/quantity 
for ideal gases 


2.38 














121 Equation balancing from written descriptions of 


2.49 
















2.44 










2.49 




135 Sol6ctiv6 nature of sotvents (6.g., liks dissolves liks) 


2.47 


2.43 








2.30 




PHof^o of tomrtorofi iro onH rtroQQiiro nn CAliihilitv/ 
loo ui lOi I i^oiaiui o aiiu ^io»»uio 9Uiuuiiiiy 




2.49 












E. BIOLOGY 
















160 Causes and results of mutations 




2.41 








2.40 




163 Non-Mendelian Inheritance (e.g., multiple genes) 


2.31 










2.45 




166 Historical developments relating to the origin of life 




2.40 












168 Theories and patterns of evolution 












2.49 
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Table 2 (cont) 





GEOGRAPHIC REGION 


SEX 


TEACHING 
EXPERIENCE 




NE 


C 


S 


F 


M 


SIO 


>10 




N=46 


N=48 


N=55 


N=81 


N=95 


N>=46 


N=69 


r. cAHTn AnU SPAOc oUlcNUc 
















4ciM oonoiai lypvt Ot minorais ^O'O't siiicaiBS, carDonaies; 




2.44 












£cO VjdOlOgIC TimO SCalv 




2.44 












229 Mass extinctions 


2.44 


2.30 








2.48 




£OU winu'^onvittxvu wsvos ^v.y., loriTiBuon, iiiouon/ 




2.16 








2.41 




232 Oo«an currants (global and local; surfac* and dMp) 




2.35 












235 Ptiysloal and chamicat propartias of tha ocean 




2.42 








2.49 




238 Nutrient cycles of the ocean 




2.37 












243 Global wind belts 




2.47 












257 Large units of distance (e.g., light-year,) 




2.36 












253 Origin and life cycle of stars 




2.32 













Correlations of the profiles of mean importance ratings . Correlation coefficients were 
computed for the profiles of mean importance ratings for the same subgroups used in the mean 
analysis. The coefficients are presented in Table 3. All the values exceeded .90. This indicates that 
there is a very high level of agreement within the subgroups of respondents in terms of the relative 
importance of the knowledge statements. 

Mean Ratings of Content Coverage 

The survey participants were asked to rate, using a 5-point scale, how well the knowledge 
statements within a major content area covered the important aspects of that major content area. 
Responses to this provide an indication of the adequacy (comprehensiveness) of the domain of 
knowledge. The scale values ranged from a low of 1 (very poorly) to a high of 5 (very well); the 
midpoint of the scale was value 3 (adequately). The means of these ratings for teachers and teacher 
educators are presented in Table 4. All the means were close to or exceeded 4.00. This indicates 
that both groups of respondents judged the content areas to be well covered. 
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Table 3 

Correlations of the Profiles of Mean Importance Ratings by Geographic Region, Sex, and Teaching Experience 



GEOGRAPHIC REGION 

1. Northeast .93 .93 

2. Central .94 

3. Southern 

SEX 

1. Female .95 

2. Male 

TEACHING EXPERIENCE (years) 

1. S 10 .96 

2. > 10 



Table 4 

Mean Ratings of Content Coverage 



Means 



Major Content Areas 


Teachers 


Teacher 
Educators 


Scientific Methodology/Techniques/History 


4.04 


4.09 


Basic Principles of Science 


3.94 


3.88 


Physics 


4.06 


4.03 


Chemistry 


4.14 


4.00 


Biology 


4.19 


4.44 


Earth and Space Science 


4.13 


3.87 


Science, Technology, and Society 


4.03 


3.79 



Mean Percentage Weights for Test Content Emphasis 



The survey participants were asked to indicate the weight that each of the seven major 
content areas should receive on the examination. This information may be used by test 
development committees to assist in their decisions about how much emphasis the content areas 
should receive on the test specifications. To obtain the weights, the participants were asked to 
distribute a total of 100 points across the major areas. The mean values were then converted into 
percentages. The mean percentage weights for teachers and teacher educators are presented in 
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Table 5. The teachers distributed the points in such a way as to approximate equal weighting across 
the content areas (Biology and Basic Principles of Science received slightly more emphasis than the 
other content areas). The teacher educators emphasized Physics, Chemistry, Biology, and Basic 
Principles of Science more than the other content areas. 

Table 5 

Mean Percentage Weights 



Means 



Major Content Areas 


Teachers 


Teacher 
Educators 


Scientific Mcthodology/Techniques/History 


13.18 


12.06 


Basic Principles of Science 


15.94 


15.55 


Physics 


13.21 


16.61 


Chemistry 


13.36 


16.16 


Biology 


15.97 


15.68 


Earth and Space Science 


14.68 


12.68 


Science, Technology, and Society 


13.75 


11.19 



Summary and Conclusion 



A job analysis was conducted to define a knowledge domain important for newly licensed 
(certified) general science teachers to perform their jobs in a competent manner. The results of the 
job analysis will be used to develop test specifications for the Subject Assessment in General 
Science. 

, An initial draft domain of important knowledge statements was constructed by ETS Test 
Development staff with expertise in chemistry, physics, biology, and earth and space science and 
ETS Research staff with expertise in job analysis. This draft domain was then reviewed, modified, 
and approved by an external Advisory /Test Development Committee. The revised knowledge 
domain was then subjected to verification/refutation through the use of a national survey of general 
science education professionals. The survey participants were asked to rate specific knowledge 
statements in terms of importance for and level of understanding needed by newly licensed (certified) 
general science teachers. A mean importance cutpoint of 2.50 (midpoint between moderately 
important and important) was established to designate knowledge statements as eligible (> 2.50) or 
ineligible (< 2.50) for inclusion in the development of test specifications. 

The results of the mean analysis conducted by teachers and teacher educators indicated 89 
knowledge statements were rated less than 2.50 (see Appendix F). This represents 33% of the 
content domain. Twenty-eight additional knowledge statements were rated below 2.50 by one or 
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more of the subgroups of respondents (see Table 2). In total, 117 of the 270 statements (43%) did 
not meet the 2^ criterion for inclusion. Still, however, 57% of the domain (153 statements) is 
eligible for Inclusion in the development of test specifications. 

The computation of correlation coefficients to assess agreement in terms of perceived 
relative importance of the knowledge statements revealed a high level of agreement. The 
coefficients for comparisons among teachers and teacher educators was .81; and the coefficients 
generated by the subgroup analyses all exceeded .90. 

The 153 knowledge statements that were verified to be important by the surveyed teachers, 
teacher educators, and the subgroups should be used as the foundation for the development of test 
specifications. Test specifications that are linked to the results of a job analysis provide support for 
the content validity of the derived assessment measures and may be considered as part of an initial 
step in ensuring the fairness (to subgroups of general science teacher candidates) of the derived 
assessment measures. It is reasonable to assume that, due to testing and psychometric constraints 
(e.g., time limits, ability to measure reliably some content), not all of the verified content may be 
included on the assessment measures. One source of information that miay be used to guide the 
Test Development Committee in their decision of what verified content to include on the 
assessment measures is the mean importance rating. Although a rank ordering of the content by 
mean importance rating is not implied, it is recommended that initial consideration be given to 
content that is well above the cutpoint and represents the appropriate breadth of content coverage. 

The results of the analysis of the level of understanding rating scale indicated that 66% of 
the knowledge statements should be measured between the levels of comprehension and 
application /utilization; and an additional 31% should be measured between the levels of 
application /utilization and attafysis. 

Evidence was also provided in this study of the judged importance of the seven major 
content areas and the comprehensiveness of the knowledge domain. These two pieces of 
information have implications for the adequacy of the general science knowledge domain. If the 
domain was adequately defined then each major content area should have been judged to be 
important and well covered. The results support the adequacy of the defined knowledge domain. 
With respect to importance (see Table 1), both teachers and teacher educators judged the content 
areas to be important (scale value of 3.00). With respect to content coverage (see Table 4), both 
teachers and teacher educators judged the content areas to be well covered (scale value of 4.00). 
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INTRODUCTION 



Educational Testing Service (ETS) is developing a new generation of assessments for the 
purpose of licensing (certifying) teachers. The inventory that follows is part of our 
development effort and is designed to gather information concerning the job of a newly 
licensed teacher of general science courses (also including physical science courses, life 
science courses, and earth science courses primarily grades 7-9). It was developed by 
high school teachers, college faculty, and state department of education officials, along 
with ETS staff. 

Those who constructed this inventory recognize that teachers of general science 
courses are required to teach students with varying backgrounds and levels of ability. 
For this reason, the collaborators believe that teachers should have a broad and deep 
understanding of general science in order to teach it. The inventory asks you to respond 
to a list of statements and to judge (a) the importance of the knowledge statements for 
newly licensed (certified) teachers of general science courses and (b) the level of 
understanding needed by newly licensed (certified) teachers of general science courses. 
Please do not relate each statement to your own job but rather to what you believe a 
newly licensed teacher of general science should know. 

The information you provide will guide the development of the NTE General 
Science module. In addition to the development of a General Science module, this study 
will also contribute to our understanding of general science teaching as a profession. We 
expect the results of the study to be widely disseminated and to be very useful to the 
profession. 

The inventory has been mailed to a group of approximately 800 professionals. Its 
value is directly related to the number of individuals who return their completed 
inventories. Because you represent a large number of professionals, your responses are 
extremely important. The inventory requires approximately 60, minutes to complete. 
Please return your completed inventory within 10 days. 
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PART I - KNOWLEDGE AREAS FOR GENERAL SCIENCE TEACHERS 



The purpose of this inventory is to determine what you believe newly licensed (certifiedt teachers of general 
science courses should know in order to perform their job in a competent manner. On the following pages 
you will find seven major content areas and, beneath each, a list of knowledge and ability statements that 
define the particular content area. The order of presentation of the seven content areas in the inventory is 
not meaningful. 

The seven content areas are: 

A. SCIENTIFIC METHODOLOGY/TECHNIQUES/HISTORY 

B. BASIC PRINCIPLE.S OF SCIENCE 

C. PHYSICS 

D. CHEMISTRY 

E. BIOLOGY 

P. EARTH AND SPACE SCIENCE 

G. SCIENCE, TECHNOLOGY, AND SOCIETY 

For each statement within each of these content areas, you will be asked to make the following judgments: 



How important is an understanding of this knowledge area for newly licensed (certified^ teachers of 
general science courses (also including physical science courses, life science courses, and earth 
science courses, primaiily grades 7-9) if they are to perform their jobs in a competent manner? 

(0) Of no importance 

(1) Of little importance 

(2) Moderately important 

(3) Important 

(4) Very important 



What level of understanding is typically needed by newlv licensed (certified) general science 
teachers in each knowledge area? 

(Note: These levels are hierarchkally arranged: level #2 subsumes level #1; level #3 subsumes le%'els #2 and #1; level #4 
subsumes levels #3, #2, and #1. The zero (0) point is not subsumed by any other scale point.) 

(0) An understanding of the knowledge area is not needed. 

(1) Requires the ability to define the terms used in the knowledge area. 

(2) Requires the ability to comprehend the essential properties of the knowledge area. 

(3) Requires the ability to a pplv/utili/c the knowledge area to address problems or questions. 

(4) Requires the ability to analyze the knowledge area into component parts and explain 
the interrelationships among the parts. 



Circle your responses using the scales adjacent to each statement. To familiarize yourself with the content 
areas and statements, you may wish to glance through Part I before making your judgments. 
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Evaluate Mch knowtwls* araa In terms of IMPORTANCE for and LEVEL OF UNDERSTANDING nMdcd by nawly 
licantad (cartiflad) teachara of ganaral acianca couraaa (also Including physical aclanca coursas, Ufa aclanca 
coursas, and aarth aclanca couraaa, primarily gradaa 7-9) If thay ara to parform thair Job In a compatent mannar. 



IMPORTANCE 

(0) Of no Importenca 

(1) Of HtUa importenca 

(2) Modarately hnportent 

(3) Importent 

(4) Vary Importent 



LEVEL OF UNDERSTANDING 

(0) An undaratendtng of tha knowladga araa la not naadad 

(1 ) DEFINE tha tarma usad In tha knowladga araa 

(2) COMPREHEND tha aaaantial propartiaa of tha knowladga araa 

(3) APPLY/UTILIZE tha knowladga araa to addrasa problama or quaationa 

(4) ANALYZE tha knowladga araa Into componant parte and axplain tha 
Intarralationahlpa among tha parts 



SCIENTIFIC 

METHODOLX)GY/TECHNIOUES/HISTORY 
Methodology and Philosophy 

1. Scientific methods (e.g., formulation of problem, 
hypotheses, experiments, evaluation of data, feedback, 
conclusions) 

2. Facts, models, theories, and laws 

3. Design of experiments (e.g., controls, independent 
and dependent variables) 

4. Observations, interpretations, and inferences 

5. Qualitative and quantitative observations 

6. History of science, including contributions of various 
cultures 



Mathematics. Measurements, and Data Manipulation 

7. The metric system 

Scientific notation 

Significant figures in measurement and calculation 
Unit/dimensional analysis 



IMPORTANCE 



8 
9 
10 
11 



Experimental errors (e.g., sources, quantifications, 
precision, accuracy) 

12. Measures of central tendency and dispersion 

(e.g., mean, median, mode, standard deviation, range) 

13. Mathematical relationships and patterns in numerical 
data (e.g., direct, inverse, trigonometric, exponential, 
period) 



0 12 3 4 
0 12 3 4 



0 12 3 4 
0 12 3 4 
0 12 3 4 



0 12 3 4 



0 12 3 4 
0 12 3 4 

0 12 3 4 



LEVEL OF 
UNDERSTANDING 



0 12 3 4 
0 12 3 4 



4 


0 


1 


2 


3 


4 


4 


0 


1 


2 


3 


4 


4 


0 


1 


2 


3 


4 



0 12 3 4 



4 


0 


1 


2 


3 


4 


4 


0 


1 


2 


3 


4 


4 


0 


1 


2 


3 


4 


4 


0 


1 


2 


3 


4 



0 12 3 4 
0 12 3 4 

0 12 3 4 
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Evaluate MCh knowMg* arM In imm* of IMPORTANCE for and LEVEL OF UNDERSTANDING nMdad by n«wly 
licensed (certitM) tMclMr* of gvnaral scl«nc« courM* (also Including physical sclsncs courses, llfs science 
courses, and earth science courses, primarily grades 7-9) If they are to perform their Job In a competent manner. 



IMPORTANCE 

(0) Of no Importance 

(1) Of little importance 

(2) Moderately Important 

(3) Important 

(4) Very Important 



LEVEL OF UNDERSTANDING 

(0) An understanding of the knowledge area Is not needed 

(1) DEFINE the terms used In the knowledge area 

(2) COMPREHEND the essential properties of the knowledge area 

(3) APPLY/UTILIZE the knowledge area to address problems or questions 

(4) ANALYZE the knowledge area Into component parts and explain the 
Interrelationships among the parte 



A. 



SCIENTIFIC LEVEL OF 

METHODOLOGY/TTECHNIQ irRS /HlSTORYfcont.) IMPORTANCE UNDERSTANDING 

14. Simple digital (binary) logic 0 1 2 3 4 0 1 2 3 4 

15. Presentation and interpretation of data in tables, 

graphs, charts, and maps 0 1 2 3 4 0 1 2.3 4 

Laboratory. Field Activities, and Safety 

16. Laboratory and field equipment (e.g., balances, scales, 
ammeters, voltmeters, glassware, thermometers, 
barometers, burners, micjoscopes, compasses, 

stopwatches) 0 1 2 3 4 0 1 2 3 4 

17. Preparation of specimens and materials 

(e.g., biological specimens, solutions, mixtures) .... 01234 01234 

18. Safety procedures 0 1 2 3 4 0 1 2 3 4 

19. Laboratory and field hazards 0 1 2 3 4 0 1 2 3 4 

20. Storage and disposal of materials 0 1 2 3 4 0 1 2 3 4 

21. Overall evaluation of the Importance of Scientific 
Methodology/Techniques/History 0 1 2 3 4 

22. How well do the knowledge areas in section A cover the important aspects of Scientific 
Methodology /Techniques/History? 

1 2 3 4 5 

Very Poorly Poorly Adequately Well Very Well 

What important aspects, if any, are not covered? 
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EvaliMto «Mh knowMg* arM in Umt of IMPORTANCE for and LEVEL OF UNDERSTANDING nMdad by n«wly 
licensed (certiffMl) iMchMrs of gonaral acionc* oourMS (also Including physical scisnc* courses, llfs scisnc* 
coursos, and Mrtti acisnc* courses, primarily grades 7-9) if tltey are to perform tlteir ]ob In a competent manner. 



IMPORTANCE 

(0) Of no ImporUnce 

(1) Of lltlie ImporUnce 

(2) Moderately ImporUnt 

(3) Important 

(4) Very ImporUnt 



LEVEL OF UNDERSTANDING 

(0) An undersUndIng of the knowledge area Is not needed 

(1 ) DEFINE the terms used In the iutowledge area 

(2) COMPREHEND the essential properties of the knowledge area 

(3) APPLY/UTILIZE the knowledge area to address prol>lems or questions 

(4) ANALYZE the knowledge area Into component parte and explain the 
InterreUtionshlps among tlM parte 



B. BASIC PRINCIPLES OF SCIENCE 

23. Physical and chemical properties (e.g., states of 



LEVEL OF 
IMPORTANCE UNDERSTANDING 
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24. 


Particulate nature of matter (e.g., atoms, ions. 
























molecules) 
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25. 


Elements, names, symbols, occurrence, and relative 
























abundance 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


26. 


Physical and chemical changes 
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27. 


Conservation of mass/energy 
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28. 



29 



Forms of energy (e.g., kinetic, potential, mechanical, 

sound, magnetic, electrical, light, heat, 

chemical) 



Energy transformations 

Heat and Thermodynamics 

30. Heat versus temperature 

31. Temperature scales and measurements .. 

32. Conduction, convection, and radiation . . . 

33. Heat capacity, heat of fusion, and heat of 
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Atomic and Nuclear Structure 






















38. Historical development of atomic models 
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Evaluate Mch knowtedga araa in terms of IMPORTANCE for and LEVEL OF UND ERSTANDING noMted by nwwiy 
llMnswi (MTtilted) teaclwrs of gwwral scianc* courses (also including pityslcal scianca coursas, Ufa scianca 
coursas. and aarth scianca coursas, primarily gradas 7-8) If tiMy ara to paHorm thair lob In a compatont manner. 



IMPORTANCE 

(0) Of no Importenca 

(1) Of iittia importenca 

(2) IModarateiy Importent 

(3) Importent 

(4) Vary importent 



LEVEL OF UNDERSTANDING 

(0) An undarstending of tita icnowiadga araa Is not n—M 

(1 ) DEFINE tIta terms usad in tIta icnowiadga araa 

(2) QOMPHEHEND tIta assantial propartias of tiM icnowiadga araa 

(3) APPLY/UTIUZE tha lutowladga araa to addrass probiams or quastlons 

(4) ANALYZE tIta luwwiadga araa Into component parte and explain Mm 
Interretetionstilps among the parte 



LEVEL OF 

B. BASIC PRINCIPLES OF SCIENCE (cont.) IMPORTANCE UNDERSTANDING 

39. Structure of the atom (e.g., electrons, protons, 

neutrons) 0 1 2 3 4 0 1 2 3 4 

40. Atomic mass, atomic number, mass number, and 

isotopes 0 1 2 3 4 0 1 2 3 4 

41. Nuclear forces and binding energy 0 1 2 3 4 0 1 2 3 4 

42. Characteristics of an electron in an atom (e.g., shells, 

orbitals) 0 1 2 3 4 0 1 2 3 4 

43. Chemical properties related to electron configuration 

(e.g., atomic valences and reactivity) 0 1 23 4 0 1 234 

44. Characteristic properties of radiation (e.g., alpha, 

beta, gamma decay) 0 1 2 3 4 0 1 2 3 4 

45. Artificial and natural radiation 0 1 2 3 4 0 1 2 3 4 

46. Half-life of radioactive isotopes 0 1 2 3 4 0 1 2 3 4 

47. Nuclear reactions (transmutation, fission, fusion) ... 01234 01234 

48. Overall evaluation of the importance of the Basic 

Principles of Science 0 1 2 3 4 

49. How well do the knowledge areas in section B cover the important aspects of Basic Principles of 
Science? 

1 2 3 4 5 

Very Poorly Poorly Adequately Well Very Well 

What important aspects, if any, are not covered? 
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Evaluate Mwh knowMg* arM In tmmt of IMPORTANCE fof an*) LEVEL OF UNDERSTANDING nMd«d by n«wly 
licensed (c*rtifl«d) tMchcrs of gmwal science courses (also Including physical science courses, life science 
courses, and earth science courses, primarily grades 7-9) If they are to perform their job in a competent manner. 



IMPORTANCE 

(0) Of no Importance 

(1) Of littie Imporunce 

(2) Moderately ImporUnt 

(3) Important 

(4) Very Important 



LEVEL OF UNDERSTANDING 

(0) An understanding of the knowledge area Is not needed 

(1) DEFINE the terms used In the knowledge area 

(2) COMPREHEND the essential properties of the knowledge area 

(3) APPLY/UTILIZE the knowledge area to address problems or questions 

(4) ANALYZE the knowledge area into component parU and explain the 
Interrelationships among the parts 



C. PHYSICS IMPORTANCE 
Mechanics 

50. Relationships among position, velocity, and 

acceleration for motion in a straight line 0 1 2 3 4 

51. Relationships among position, velocity, and constant 

acceleration for projectile motion 0 1 2 3 4 

52. Relationships among position, velocity, and centripetal 

acceleration for uniform circular motion 0 1 2 3 4 

53. Relationship between position and time for periodic 

motion 0 1 2 3 4 

54. Newton's law of motion 0 1 2 3 4 

55. Relationships among work, energy, and power 0 12 3 4 

56. Simple machines, torque 0 I 2 3 4 

57. Friction 0 1 2 3 4 

58. Conservation of momentum 0 1 2 3 4 

59. Conservation of energy 0 1 2 3 4 

60. Newton's law of gravity 0 1 2 3 4 

61. Pascal's principle (hydrostatics) 0 1 2 3 4 

62. Archimedes' principle (buoyancy) 0 1 2 3 4 

63. Bernoulli's principle 0 1 2 3 4 

64. Relativistic effects on length, mass, and time 0 12 3 4 

Electricity and Magnetism 

65. Repulsion and attraction of electric charges 0 1234 

66. Scries and parallel circuits 0 1 2 3 4 



LEVEL OF 
UNDERSTANDING 



0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 



0 12 3 4 
0 12 3 4 
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Evaluate MCh knowiMlg* area In twmt of IMPORTANCE for and LEVEL OF UNDERSTANDING nMdwi by n«wly 
llc«nt«i (certified) tMchwt of genaral science courses (also Including physical science courses, life science 
courses, and eartii science courses, primarily grades 7-9) » they are to perform their job In a competent manner. 

IMPORTANCE LEVEL OF UNDERSTANDING 

(0) Of no Importance (0) An understanding of the knowledge area Is not needed 

(1) Of HtUe ImporUnce (1) DEFINE the terms used In ttte knowledge area 

(2) Moderately Important (2) COMPREHEND the essential properties of the knowledge area 

(3) Important (3) APPLY/UTILIZE tite knowledge area to address problems or questions 

(4) Very Important (4) ANALYZE tiw knowtedqe area Into component parU and explain ttie 

Interrelationships amortg the parts 



LEVEL OF 

C. PHYSICS (cont.) IMPOkTANCE UNDERSTANDING 

67. Resistance 0 1 2 3 4 ' 0 1 2 3 4 

68. Potential difference 0 1 2 3 4 0 1 2 3 4 

69. Current 0 1 2 3 4 0 1 2 3 4 

70. Capacitance 0 1 2 3 4 0 1 2 3 4 

71. Inductance 0 1 2 3 4 0 1 2 3 4 

72. Direct current (DC) and alternating current (AC) .. 01234 01234 

73. Transformers 0 1 2 3 4 0 1 2 3 4 

74. Motors 0 1 2 3 4 0 1 2 3 4 

75. Sources of EMF (e.g., batteries, solar cells, 

generators) 0 1 2 3 4 0 1 2 3 4 

76. Large scale generations and transmission of energy 

and power 0 1 2 3 4 0 1 2 3 4 

77. Semiconductor devices (e.g., diodes, transistors) .... 01234 01234 

78. Magnets 0 1 2 3 4 0 1 2 3 4 

79. Magnetic fields 0 1 2 3 4 0 1 2 3 4 

80. Magnetic forces 0 1 2 3 4 0 1 2 3 4 

Waves 

81. Wave characteristics (speed, amplitude, wavelength, 

frequency) 0 1 2 3 4 0 1 2 3 4 

82. Transverse and lonciludinal waves 0 1 2 3 4 0 1 2 3 4 

83. Renection 0 1 2 3 4 0 1 2 3 4 

84. Refraction 0 1 2 3 4 0 1 2 3 4 

85. Diffraction 0 1 2 3 4 0 1 2 3 4 
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Evaluate Mch knowMg* area In twms of IMPORTANCE for and LEVEL OF UNDERSTANDING nMcM by nawly 
llcansad (oartifM) tMchars of ganaral sclanc* oourMS (also Including physical sclanca courses, Ufa sclanca 
courses, and aarth sclanca courses, primarily grades 7-9) If they are to perform their Job In a competent manner. 

IMPORTANCE LEVEL OF UNDERSTANDING 

(0) Of no Imporunce (0) An understanding of the knowledge area Is not needed 

(1) Of KtUe Importance (1) DEFINE the terms used In the knowledge area 

(2) Moderately Important (2) COMPREHEND the esaentlal properties of the knowledge area 

(3) Important (3) APPLY/UTILIZE the knowledge area to address problems or questions 

(4) Very ImporUnt (4) ANALYZE the knowledge area Into component parts and explain the 

Interrelationships among the parts 



LEVEL OF 

PHYSICS (cont.) IMPORTANCE UNDERSTANDING 

86. Interference 0 1 2 3 4 0 1 2 3 4 

87. Dispersion 0 1 2 3 4 0 1 2 3 4 

88. Standing waves and resonance 0 1 2 3 4 0 1 2 3 4 

89. Doppler effect 0 1 2 3 4 0 1 2 3 4 

90. Characteristics of sound waves (e.g., pitch, loudness, 

speed, timbre, beats) 0 1 2 3 4 0 1 2 3 4 

91. The electromagnetic spectrum (gamma rays to radio 

waves) 0 1 2 3 4 0 1 2 3 4 

92. Color 0 1 2 3 4 0 1 2 3 4 

93. User light 0 1 2 3 4 0 1 2 3 4 

94. Optics (e.g., mirrors, lenses, prisms, fiber 

optics) 0 1 2 3 4 0 1 2 3 4 

95. Polari7ation 0 1 2 3 4 0 1 2 3 4 

%. Overall evaluation of the importance of Pliysics ... 01234 

97. How well do the knowledge areas in section C cover the important aspects of Physics? 

1 2 3 4 5 

Very Poorly Poorly Adequately Well Very Well 

What important aspects, if any, are not covered? 



40 

B11 



Evaluate Mch knowMg* area In term* of IMPORTANCE for and LEVEL OF UNDERSTANDING nMd«d by newly 
llc«nt«d (c«i1ifi*d) tMctMf • of g«n«ral sclanc* court** (al*o Including phy*lcal *cl*nc* cour***, llf* *cl*nc* 
cour***, and Mrth sci*nc* cour***, primarily grad** 7-9) If th*y ar* to parform th«lr job In a comp«t*nt manner. 



IMPORTANCE 

(0) Of no ImporUnc* 

(1) Of IIM* ImporUnc* 

(2) Mod«ratoly Important 

(3) Important 

(4) Very Important 



LEVEL OF UNDERSTANDING 



(0) 



An und*r*tandlng of th* knowl*dg* ar*a I* not needed 

(1 ) DEFINE th* term* ut*d In th* knowl*dg* ar*a 

(2) COMPREHEND th* *ss*ntial prop*rtl** of th* knowlsdg* ar*a 

(3) APPLY/UTILIZE th* knowMg* ar*a to addr*** probl*m* or qua*tion* 

(4) ANALYZE th* knowledg* ar*a Into compon*nt part* and explain the 
Interrelationship* among th* part* 



LEVEL OF 

D. CHEMISTRY IMPORTANCE UNDERSTANDING 

Periodicity 

98. The periodic table 0 1 2 3 4 0 1 2 3 4 

99. The position of solids, liquids, gases, metals, 
nontnctals, metalloids, and transition elements on the 

periodic table 0 1 2 3 4 0 1 2 3 4 

100. Trends in melting and boiling temperatures 01234 01234 

101. Trends in atomic radii, ionization energy, electron 

affinity, and electronegativity 0 1 2 3 4 0 1 2 3 4 

The Mole. Chemical Bonding and Molecular Geometry 

102. Mole concept and conversion among moles, 

molecules, grams 0 1 2 3 4 0 1 2 3 4 

103. Information conveyed by a chemical formula 01234 01234 

104. Simple inorganic nomenclature 0 1 2 3 4 0 1 2 3 4 

105. Classes of organic compounds (i.e., alkanes, alkcnes, 
alcohols, polymers, carbohydrates, proteins, lipids, 

nucleic acids) 0 1 2 3 4 0 1 2 3 4 

106. Percent composition of elements in a compound ... 01234 01234 

107. Law of constant composition and law of multiple 

proportions 0 1 2 3 4 0 1 2'3 4 

108. Ionic, cova'.cnt, and metallic bonds 0 1 2 3 4 0 1 2 3 4 

109. Electron dot formulas and structural formulas 01234 01234 

110. Types of bonding related to electronegativity 

differences 0 1 2 3 4 0 1 2 3 4 

111. Valence shell electron pair repulsion model 

(VSEPR) 0 1 2 3 4 0 1 2 3 4 

112. Chemical and physical properties of compounds 

related to type of bonding and geometry 0 1 234 0 1 234 
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Evatuilt* Mch know<Ml9« arM in t«-ms of IMPORTANCE for and LEVEL OF UNDERSTANDING nMttod by newly 
llc«nMd (c«rtilM) tMchars of gMMral sci«nc« coursM (also Including physical sci«nc« courtaa, Ufa sclanca 
courMt, and aailh sctanca courMt, primarily grades 7-9) if thay ara to perform thair Job In a compatant manner. 



IMPORTANCE 

(0) Of no importance 

(1) Of little importance 

(2) Moderately Important 

(3) Important 

(4) Very Important 



LEVEL OF UNDERSTANDING 

(0) An understanding of the iuiowiedge area is not needed 

(1) DEFINE the terms used In the Icnowrfedge area 

(2) COMPREHEND the essential properties of the knowledge area 

(3) APPLY/UTILIZE the lutowiedge area to address problems or questions 

(4) ANALYZE the lutowiedge erea into component parts and explain the 
interrelationships among the parts 



D. CHEMISTRY (cont.) 

The Kinetic Theory and States of Matter 

113. Special properties of water (e.g., density of solid 
versus liquid, high heat capacity, unusually high 
boiling temperature) 

114. Relationships among phases of matter, forces 
between particles and particle energy (i.e., shape, 
volume, diffusion, density, compressibility) 

115. Assumptions of the kinetic molecular theory 

116. Relationships among volume, pressure, temperature, 
and quantity for ideal gases 

117. Real versus ideal gases 

1 18. Phase changes for a pure substance (e.g., pressure 
and temperature effects) 

119. Relationships among evaporation rate, boiling 
temperature, and vapor pressure 

120. Characteristics of cry.stals 

Chemical Reactions 

121. Equation balancing from written descriptions of 
chemical reactions 

122. General types of chemical reactions (i.e., composition, 
decomposition, ionic, replacement) 

123. Amounts of reactants and/or products using a 
balanced chemical equation 

124. Endothermic and exothermic reactions 

125. Collision theory and reaction rates 



IMPORTANCE 



LEVEL OF 
UNDERSTANDING 



0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0-1 2 3 4 



0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 
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Evaluate Meh know««dg« area In terms of IMPORTANCE for and Ll VEL OF UNDERSTANDING nMdod by n«wly 
llcansad (cortifted) teachors of ganoral sclanc* courses (also Including physical sclsnc* coursos, llfs scl«nc« 
courses, and oarth sclsncs coursas, primarily grades 7-9) if thay ara to perform their |ob In a competent manner. 



IMPORTANCE 

(0) Of no Importance 

(1) Of little Importence 

(2) Moderately Important 

(3) Important 

(4) Very Important 



LEVEL OF UNDERSTANDING 

(0) An understanding of the knowledge ar«>a Is not needed 

(1) DEFINE the terms used In the knowledge area 

(2) COMPREHEND the essential properties of the knowledge area 

(3) APPLY/UTILIZE the knowledge area to address problems or questions 

(4) ANALYZE the knowledge area Into component parte and explain the 
Interrelationships among the parte 



LEVEL OF 

D. CHEMISTRY (cont.) IMPORTANCE UNDERSTANDING 

126. Activation energy and the effects of a catalyst 01234 01234 

127. Rate-influencing factors in chemical reactions 

(e.g., temperature, pressure, concentration) 01234 01234 

128. Chemical equilibrium 0 1 2 3 4 0 1 2 3 4 

129. Lc Chatclier's principle 01234 012 34 

130. Factors that disturb equilibrium (e.g., temperature, 

pressure, concentration) 0 1 2 3 4 0 1 2 3 4 

131. Oxidation and reduction reactions 0 1 2 3 4 0 1 2 3 4 

132. Electrochemical cells and electrode reactions 01234 01234 

133. Practical applications of electrochemistry 

(e.g., electroplating, lead storage battery, pH meter) 01234 01234 

Solutions and Solubility 

134. Types of solutions (e.g., solid-solid, solid-liquid, 

liquid-gas) 0 1 2 3 4 0 1 2 3 4 

135. Selective nature of solvents (e.g., like dis.solves 

like) 0 1 2 3 4 0 1 2 3 4 

136. Effects of temperature and pressure on solubility ... 01234 01234 

137. Dissolving process and the factors that effect the rate 

of dissolving 0 1 2 3 4 0 1 2 3 4 

1.38. Concentration of solutions (i.e., dilute, concentrated, 

saturated) 0 1 2 3 4 0 1 2 3 4 

1.39. Conductivity of solutions and the ionization 

process 0 1 2 3 4 0 1 2 3 4 

140. Colligativc properties of solutions 0 1 2 3 4 0 1 2 3 4 
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EvaliMto Mch knowMg* area In Urn* of IMPORTANCE for and LEVEL OF UNDERSTANDING nMdod by nmrly 
llconMd (cartinod) taacltars of gonwal sci«nc« oouraas (alto Including physical tclanc* coursas, Ufa tclanca 
coursas, and oarth aclanc* coursas, primarily gradaa 7-S) If titay ara to parform thair ]ob In a compatent mannar. 



IMPORTANCE 

(0) Of no Importanca 

(1) Of iittia imporUnca 

(2) Modarataly ImporUnt 

(3) Important 

(4) Vary imporUnt 



LEVEL OF UNDERSTANDING 



An undarstanding of tita Icnowtadga araa Is not naadad 
DEFINE tha tarma usad In tha Icnowladga araa 
COMPREHEND tha assantial propartias of tha Icnowladga araa 
APPLY/UTILIZE tha Icnowladga araa to addrass problams or quastlons 
(4) ANALYZE tha Icnowladga araa Into componant parU and axplain tha 
intarralationshlps among ttw parta 



(0) 
(1) 
(2) 
(3) 



D. CHEMISTRY (cont ) IMPORTANCE 

141. Acids, bases, and salts ' 0 1 2 3 4 

142. pH ; . 0 1 2 3 4 

143. Strong versus weak acids and bases 0 1 2 3 4 

144. Buffer solutions 0 1 2 3 4 

145. Overall evaluation of the importance of 

Cliemistry 0 1 2 3 4 



LEVEL OF 
UNDERSTANDING 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 



146. How well do the knowledge areas in section D cover the important aspects of Chemistry? 



1 2 3 

Very Poorly Poorly Adequately 

What important aspects, if any, are not covered? 



4 

Well 



Very Well 



E. BIOLOGY 
The Cell 



147. 
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148. 


Structure and function of cellular organelles .... 
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149. 
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150. Structure and function of membranes (e.g., osmosi.s, 
active transport, plasmolysi.s) 0 

151. Chemical reactions in respiration 0 

152. Chemical reactions in photo.synthc.sis 0 

153. Interrelationships of metabolic pathways 0 
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Evaluate MCh knowlMiga araa In t«rm» of IMPORTANCE for and LEVEL OF UNDERSTANDING nM(ted by nawly 
llMnsad (carunad) taachara of ganaral acianca oouraaa (also including physical sctenca coursaa, Ufa scianca 
coursaa, and aarth scianca couraas, primarily gradas 7-9) if thay ara to parform thair |ob In a compatant mannar. 



IMPORTANCE 

(0) Of no Importanca 

(1) Of IIMa ImporUnca 

(2) Modarataly Important 

(3) Important 

(4) Vary Important 



LEVEL OF UNDERSTANDING 

(0) An undarstanding of tha knowiadga araa Is not needed 

(1) DEFINE tha tarms usad In tha knowiadga araa 

(2) COMPREHEND tha assantial proparttes of tha knowiadga araa 

(3) APPLY/UTIUZE tha knowiadga araa to addrass problams or quastions 

(4) ANALYZE tha knowiadga araa Into componant parts and axptain tha 
Intarralatkmshlps among tha parts 



BIOLOGY (cont.) IMPORTANCE 

154. Principle;:- of enTymatic activity 0 1 2 3 4 

155. Cell cycle 0 1 2 3 4 

156. Stages and purposes of mitosis and cytokinesis 0 12 3 4 

157. Stages and purposes of meiosis 0 1 2 3 4 

Genetics 

158. Structure and replication of DNA 0 1 2 3 4 

159. Basic mechanisms of protein synthesis 0 1 2 3 4 

160. Causes and results of mutations 0 1 2 3 4 

161. Genetic engineering 01 2 3 4 

162. Mendel's Laws and monohybrid and dihybrid 

crosses 0 1 2 3 4 

163. Non-Mendelian inheritance (e.g., multiple alleles, 

multiple genes) 0 1 2 3 4 

164. Interaction between heredity and environment 0 12 3 4 

165. Human genetic disorders 0 1 2 3 4 

Evolution 

166. Historical developments relating to the origin of life 
(e.g., spontaneous generation, experiments by Rcdi, 

Pasteur, Oparin, Miller) 0 1 2 3 4 

167. Evidence for and factors affecting evolution 0 12 3 4 

168. Theories and patterns of evolution 0 1 2 3 4 

169. Isolating mechanisms and spcciation 0 1 2 3 4 



LEVEL OF 
UNDERSTANDING 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 
0 12 3 4 
0 12 3 4 



0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 
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Evaluate Mch knowtedg* arM In terms of IMPORTANCE for and LEVEL OF UNDERSTANDING ncwted by n«wly 
llcantMl (e«rtHted) teachwrs of gMMral «ctenc« coutms (alto Including physical sctenc* courses, llfs sctenc* 
courses, and Mrth sctence courses, prImarHy grades 7-iB) If they are to perform their Job In a competent manner. 



IMPORTANCE 

(0) Of no importence 

(1) Of Httie importence 

(2) Moderately Importent 

(3) Importent 

(4) Very Importent 



LEVEL OF UNDERSTANDING 

(0) An understending of the knowledge area is not needed 

(1) DEFINE the terms used In the knowledge area 

(2) COMPREHEND the essential properties of the knowledge area 

(3) APPLY/UTIUZE the knowledge area to address problems or questions 

(4) ANALYZE the knowledge area into component parts and explain the 
Interretetionshlps among the parts 



LEVEL OF 

E. RlOmGY (cont.) IMPORTANCE UNDERSTANDING 

Diversity of Life 

170. General characteristics of life 0 1 2 3 4 0 1 2 3 4 

171. Classification schemes (Five Kingdoms and 

nomenclature) 0 1 2 3 4 0 1 2 3 4 

172. Characteristics of viruses, monerans, protists, fungi, 

plants and animals 0 1 2 3 4 0 1 2 3 4 

Plants 

173. Nonvascular and vascular plants 0 1 2 3 4 0 1 2 3 4 

174. Structure and functions of roots, stems, and 

leaves 0 1 2 3 4 0 1 2 3 4 

175. Transport systems, nutrient uptake 0 1 2 3 4 0 1 2 3 4 

176. Control mechani.sms (e.g., hormones, photopcriods, 

tropisms) 0 1 2 3 4 0 1 2 3 4 

177. Asexual reproduction 0 1 2 3 4 0 1 2 3 4 

178. Sexual reproduction (flowers, fruits, seeds, dispersal, 

germination) 0 1 2 3 4 0 1 2 3 4 

Animals 

179. Digestion and nutrition 0 1 2 3 4 0 1 2 3 4 

180. Circulation 0 1 2 3 4 0 1 2 3 4 

■1 

181. Respiration 01234 01234 

182. Excretion 0 1 2 3 4 0 1 2 3 4 

183. Nervous system 0 1 2 3 4 0 1 2 3 4 
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Evaluate aach knowtadga araa In terms of IMPORTANCE for and LEVEL OF UNDERSTANDING naadad by nawly 
llcanaad (cartiliad) teachara of ganaral sctanca coursas (also Including physical sclanca coursas, Ufa sclanca 
coursas, and aarth acianca coursas, primarily gradas 7-9) If thay ara to parform thair Job In a compatent mannar. 



IMPORTANCE 

(0) Of no Importenca 

(1) Of littia Importenca 

(2) Modarately Importent 

(3) Important 

(4) Vary Importent 



LEVEL OF UNDERSTANDING 

(0) An undarstending of tha knowladga araa Is not naadad 

(1) DEFINE tha tarms uaad In tha knowladga araa 

(2) COMPREHEND tha assantial propartias of tha knowladga araa 

(3) APPLY/UTILIZE tha knowladga araa to addrass problams or quastlons 

(4) ANALYZE tha knowladga araa Into component parte and axplain tha 
Intarralationshlps anwng tha parte 



184. 
185. 
186. 
187. 
188. 
189. 



BIOLOGY (cont.) 

Musculoiskclctal system 

Immune and lymphatic systems 

Endocrine system 

Reproduction and development 
Homeostasis 



Responses to stimuli (taxes, instincts, conditioned 
reflexes, learned behaviors) . . . : 



Ecology 

190. Population dynamics (intraspecific interaction) . 

191. Life-history patterns (e.g., r and k strategists) . . 

192. Interspecific relationships (e.g., commensalism, 
mutualism, competition, predation, parasitism) . 

193. Community structure and niche 

194. Social behavior (e.g., dominance, hierarchy, 
altruism) 

195. Species diversity in communities 

196. Succession 

197. Aquatic and terrestrial ecosystems 

198. Food webs and energy flow through ecosystems 



IMPORTANCE 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 



LEVEL OF 
UNDERSTANDING 



0 
0 
0 
0 
0 



2 3 4 

2 3 4 

2 3 4 

2 3 4 

2 3 4 



0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 



4 


0 


1 


2 


3 


4 


4 


0 


1 


2 


3 


4 


4 


0 


1 


2 


3 


4 


4 


0 


1 


2 


3 


4 


4 


0 


1 


2 


3 


4 
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Evaluau Mch knowlMlg* area in terms of IMPORTANCE for and LEVEL OF UND ERSTANDING nMd«d by nawly 
llc«n»Mi (cwtifM) tMchw* of general scicnc* courMt (also Including physical science courses, life science 
courses, and earth science courses, primarily grades 7-9) If they are to perform their job In a competent manner. 



IMPORTANCE 

(0) Of no importance 

(1) Of Utite imporunce 

(2) Moderately imporUnt 

(3) Important 

(4) Very Important 



LEVEL OF UNDERSTANDING 

(0) An undersUndIng of the knowledge area Is not needed 

(1 ) DEFINE the terms used In the knowledge area 

(2) COMPREHEND the essential properties of the knowledge area 

(3) APPLY/UTILIZE the knowledge area to address problems or questions 

(4) ANALYZE the knowledge area Into component parte and explain the 
Interrelationships anwng the parte 



IMPORTANCE 



LiiVEL OF 
UNDERSTANDING 



199. Cycling of materials (e.g., nitrogen, water, 
carbon) 



200. 



Biomes 



0 12 3 4 
0 12 3 4 



0 12 3 4 
0 12 3 4 



201. Overall evaluation of the importance of Biology 



0 12 3 4 



202. How well do the knowledge areas in section E cover the important aspects of Biology? 



1 2 3 

Very Poorly Poorly Adequately 

What important aspects, if any, are not covered? 



4 
Well 



Very Well 



F. EARTH AND SPACE SCIENCE 
Physical GeoloBY 

203. Physical and chemical properties of minerals 
(e.g., density, hardness, response to acid test, 

identification) 0 1 2 3 4 0 1 2 3 4 

204. General types of minerals (e.g., silicates, 

carbonates) 0 1 2 3 4 0 1 2 3 4 

205. Types of rocks and the processes that form them 

(sedimentary, igneous, and metamorphic rocks) .... 01234 01234 

206. Folding and faulting 0 1 2 3 4 0 1 2 3 4 

207. Earthquakes 0 1 2 3 4 0 1 2 3 4 

208. Volcanoes 0 1 2 3 4 0 1 2 3 4 
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Evaluate each knowtedg* area In terms of IMPORTANCE for and LEVEL OF UNDERSTANDING nawted by nawly 
licansad (cartitlad) toachars of ganaral scianca oouraas (also Including physical sclenca coursas, Ufa sclanca 
coursas, and aarth scianca coursas, primarily gradas 7-9) If thay ara to parform their job in a competent manner. 



IMPORTANCE 

(0) Of no importenca 

(1) Of llttia Importence 

(2) Moderately Importent 

(3) Important 

(4) Very Important 



LEVEL OF UNDERSTANDING 

(0) An undarstending of the knowledge area Is not needed 

(1) DEFINE the terms used In the knowledge area 

(2) COMPREHEND the essential properties of the knowledge area 

(3) APPLY/UTiUZE the knowledge area to address problems or questions 

(4) ANALYZE the knowledge area Into component parts and explain the 
interrelationships among the parte 



F. EARTH AND SPACE SCIENCE (cont.> 

209. Rock magnetism 

210. Isostasy 

211. Evidence from seismic studies (e.g., oil exploration, 
crustal depth) 

212. Crust, mantle, and core 

213. Lithosphere and asthenosphere 

214. Convection in the mantle 

215. Heat sources within the Earth 

216. Hot spots 

217. Plate tectonic theory 

218. Physical and chemical weathering 

219. Mass wasting (e.g., creep, slump) 

220. Hydrologic cycle 

221. Artesian and nonartesian wells 

222. Process and structures of erosional/depositional 
features shaped by running water, ground water, 
wind, and glaciers 

Historical Geology 

223. Principle of uniformitarianism 

224. Relative and absolute time (including dating 
techniques) 

225. Geologic time scale 



IMPORTANCE 



LEVEL OF 
UNDERSTANDING 



0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


0 


1 


2 




4 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


•0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 



0 12 3 4 



0 12 3 4 



0 12 3 4 



0 12 3 4 



01234 01234 
01234 01234 
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Evaluate Mch knowMga araa In terms of IMPORTANCE for and LEVEL OF UNDERSTANDING ncMtod by n«wty 
llc«ns*d (c«rtifl«d) tMchwrt of g«n«ral sct«nc« oourMt (also Including physical scl«nc« courses, llfs sctenc* 
coursat, and aarth scianca coursas, primarily gradas 7-9) If thay ara to parform thair ]ob In a competent manner. 



IMPORTANCE 

(0) Of no Importance 

(1) Of little importance 

(2) Moderately Important 

(3) Important 

(4) Very important 



LEVEL OF UNDERSTANDING 

(0) An understanding of the knowledge area Is not needed 

(1 ) DEFINE the terms used In the Itnowtedge area 

(2) COMPREHEND the essential properties of the knowledge area 

(3) APPLY/UTILIZE the knowledge area to address problems or questions 

(4) ANALYZE the knowledge area Into component parts and explain the 
Interrelationships among the parte 



F. EARTH AND SPACE SCIENCES (cont.) IMPORTANCE 

226. Principles of stratigraphy (e.g., cross relations, 

superposition, fossil assemblages, correlation) 0 12 3 4 

227. Formation of atmosphere and hydrosphere 0 1 2 3 4 

228. Types of fossils and evidence provided by fossils ... 01234 

229. Mass extinctions 0 1 2 3 4 

Oceanography 

230. Wind-generated waves (e.g., formation, motion) .... 01234 

231. Tides 0 1 2 3 4 

232. Ocean currents (global and local; surface and 

deep) 0 1 2 3 4 

233. Shore processes (e.g., formation of dunes, beach 

profiles, wave effects) 0 1 2 3 4 

234. Geographic location of oceans and seas 0 1 2 3 4 

235. Physical and chemical properties of the oceans .... 01234 

236. Topography of the ocean floor 0 1 2 3 4 

237. Effects of plate tectonics on the geology, biology, and 

topography of the ocean floor 0 1 2 3 4 

238. Nutrient cycles of the ocean 0 1 2 3 4 

Meteorolog y 

239. Physical and chemical properties of atmospheric 

layers 0 1 2 3 4 

240. Seasonal and latitudinal variation of solar 

radiation 0 1 2 3 4 



LEVEL OF 
UNDERSTANDING 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 



0 12 3 4 



0 12 3 4 
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Evaluate Mch knowMg* arM In Urmt of IMPORTANCE for and LEVEL OF UNDERSTANDING nMdcd by newly 
licensed (certified) teachers of general science courses (also including physical science courses, life science 
courses, and earth science courses, prlntarlly grades 7-«) if they are '.o perform their |ob In a competent manner. 



IMPORTANCE 

(0) Of no Importance 

(1) Of little ImporUnce 

(2) Moderately ImporUnt 

(3) ImporUnt 

(4) Very Important 



LEVEL OF UNDERSTANDING 

(0) An understanding of the knowledge area Is not needed 

(1) DEFINE the terms used In the knowledge area 

(2) COMPREHEND the essential properties of the knowledge area 

(3) APPLY/UTILIZE the knowledge area to address problems or questions 

(4) ANALYZE the knowledge area Into component parts and explain the 
Interrelationships among the parts 



LEVEL OF 

F. EARTH AND SPACE SCIENCES (cont.) IMPORTANCE <JNDERSTANDING 

241. Heat budget of the atmosphere and the natural 
greenhouse effect 0 1 2 3 4 

242. Causes of winds - 0 1 2 3 4 

243. Global wind belts 0 1 2 3 4 

244. Variations in circulation (e.g., sea and land breezes, 
monsoons, jet stream, temperature inversions) 0 12 3 4 

245. Relative and absolute humidity (e.g., dew, frost 
point) 0 1 2 3 4 

246. Cloud types and formation 0 1 2 3 4 

247. Precipitation types and formation 0 1 2 3 4 

248. Air masses (e.g., temperature, moisture content, 
source areas) 0 1 2 3 4 

249. High and low pressure systems (including storms) . . 0 12 3 4 

250. Frontal systems (e.g., cold, warm, stationary, 
occluded) and associated weather 0 1 2 3 4 

251. Weather maps and station models 0 1 2 3 4 

252. Weather forecasting 0 1 2 3 4 

253. Regional and local natural factors affecting climate 
(e.g., topography, rainfall, latitude) 0 1 2 3 4 

254. Desertification, enhanced greenhouse effect, volcanic 
ash effects on climate 0 1 2 3 4 

Astronomy 

255. Theories of and evidence for the origin of ihc 

universe 0 1 2 3 4 0 1 2 3 4 



0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 1 2 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 
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Evaluate aach knowrtadga area In terms of IMPORTANCE for and LEVEL OF UNDERSTANDING naadad by nawly 
licantad (cartifted) teachara of ganaral tcianca couraas (alao Including physical sclanca coursas, Ufa sclanca 
couraas, and aarth sclanca couraas, primarily gradas 7-9) If thay ara to parform thair fob In a compatent manner. 

IMPORTANCE LEVEL OF UNDERSTANDING 

(0) Of no Importenca (0) An undarstending of tha knowladga area is not needed 

(1) Of Httta importenca (1) DEFINE tha terms usad In tha knowiedge area 

(2) Modarataly Importent (2) COMPREHEND tha aasanttal properties of tha knowiedge area 

(3) Importent (3) APPLY/UTILIZE the knowledge area to address problems or questions 

(4) Vary importent (4) ANALYZE tha knowiedge area Into component parts and explain the 

Intarratetionships among the parts ^ 



LEVEL OF 

F. EARTH AND SPACE SCIENCES (cont.) IMPORTANCE UNDERSTANDING 

256. Structure of the universe (e.g., galaxies, novas, black 

holes, quasars, stars) 0 1 2 3 4 0 1 2 3 4 

257. Large units of distance (e.g., astronomical unit, light- 
year, parsec) 0 1 2 3 4 0 1 2 3 4 

258. Origin and life cycle of stars 0 1 2 3 4 0 1 2 3 4 

259. Origin of the solar system 0 1 2 3 4 0 1 2 3 4 

260. Major features of the Sun (including its energy 

source) 0 1 2 3 4 0 1 2 3 4 

261. Structure of the solar system (e.g., planets, moons, 

asteroids, comets) 0 1 2 3 4 0 1 2 3 4 

262. Phases of the Moon 0 1 2 3 4 0 1 2 3 4 

263. Lunar and solar eclipses 0 1 2 3 4 0 1 2 3 4 

264. Causes of seasons 0 1 2 3 4 0 1 2 3 4 

265. Factors determining the length of a planetary year 

and day 0 1 2 3 4 0 1 2 3 4 

266. Time zones on the Earth 0 1 2 3 4 0 1 2 3 4 

267. Space exploration 0 1 2 3 4 0 1 2 3 4 

268. Exploration of Earth from space 0 1 2 3 4 0 1 2 3 4 

269. Overall evaluation of the importance of Earth and 

Space Sciences 0 1 2 3 4 
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Evaluate MCh knowMg* area In tormt of IMPORTANCE for and LEVEL OF UNDERSTANDING nMd«d by newly 
licensad (cartifM) taachart of ganaral tclanca courMt (alto Including physical sclanca courMt, Ufa tclanca 
coursaa, and aarth aclanoa ooursaa, primarily gradaa 7-9) if thay ara to perform their |ob In a competent manner. 



IMPORTANCE 



LEVEL OF UNDERSTANDING 



(0) Of no importance (0) 

(1) Of HtUe importance (1) 

(2) Moderately Important (2) 

(3) Important (3) 

(4) Very important (4) 



An understanding of the tcnowledge area it not needed 
DEFINE the terms used in the Icnowledge area 
COMPREHEND the essenttal properties of the Icnowledge area 
APPLVyUTlUZE the tcnowledge area to address problems or questions 
ANALYZE the luMwiedge area Into component parte and explain the 
Interrelationships amoitg the parte 



F. EARTH AND SPACE SCIENCES (cont.) 

270. How well do the knowledge areas in section F cover the important aspects of Earth and Space 
Sciences? 

1 2 3 -4 5 

Very Poorly Poorly Adequately Well Very Well 

What important aspects, if any, are not covered? 



LEVEL OF 

G. SCIENCE. TECHNOLOGY. AND SOCIETY IMPORTANCE UNDERSTANDING 

271. Issues associated with energy production and use... 01234 01234 

272. Issues associated with production and use of 

consumer products 0 1 2 3 4 0 1 2 3 4 

273. Problems caused by the biological magnification of 

toxic materials in food chains 0 1 2 3 4 0 1 2 3 4 

274. Conservation of nonrenewable resources (e.g., soil, 

water, metals, and fossil fuels) 0 1 2 3 4 0 1 2 3 4 

275. Relationship of geographic distribution of natural 
resources, population patterns, and global politics, 

(including habitat destruction) 0 1 2 3 4 0 1 2 3 4 

276. Issues associated with biotechnology (e.g., gene 
cloning, in vitro fertilization, prolonging life, birth 
control, prenatal testing, abortion, radiation, use of 

hormones in agriculture) 0 1 2 3 4 0 1 2 3 4 

277. Biological and chemical control of agricultural 

pests 0 1 2 3 4 0 1 2 3 4 

278. Effect of agricultural practice on the environment .. 012 3 4 01234 
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Evaluate Mch knowMga wm In ««rm« of IMPORTANCE for and LEVEL QFjjNDERSTANDING n—dM by nMvly 
llcansad (o«rtilM) taachM's of gcnwal tcianoa ooutms (also Including physical scisncs courses, llfs sctsncs 
coursss, and sarth scistic* courses, primarily grades 7-9) If th«y ara to perform their job In a competent manner. 



IMPORTANCE 

(0) Of no ImporUnce 

(1) Of little Importance 

(2) Moderately imporUnt 

(3) Important 

(4) Very Important 



LEVEL OF UNDERSTANDING 

(0) An understanding of the Icnowtedge area Is not needed 

(1 ) DEFINE the terms used in the Icnowiedge area 

(2) COMPREHEND the essential properties of the icnowiedge area 

(3) APPLVyUTIUZE the iurawledge area to address problems or questions 

(4) ANALYZE the knowledge area Into component parts and explain the 
interrelationships among tiie parts 



G. SCIENCE. TECHNOLOGY. AND SOCIETY (cont.) IMPORTANCE 

279. Use of science and technology to predict and prepare 
for natural disasters (e.g., earthquakes, volcanic 

eruptions, floods, severe weather jiatterns) 0 1 2 3 4 

280. Use of technology in everyday devices (e.g., lamp, 

smoke detector, refrigerator) 0 1 2 3 4 

281. Issues associated with health and wellness 0 1 2 3 4 

282. Issues associated with technology transfer (e.g., space 

technology, superconductors) 0 1 2 3 4 

283. Overall evaluation of the importance of Science, 

Technology, and Society 0 1 2 3 4 



LEVEL OF 
UNDERSTANDING 



0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 



284. How well do the knowledge areas in section G cover the important aspects of Science, Technology, 
and Society? 



1 



2 

Poorly 



Very Poorly Poorly Adequately 

What important aspects, if any, are not covered? 



4 
Well 



Very Well 
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PART II - RECOMMENDATIONS FOR MODULE CONTENT 

Listed below are seven broad topics that may be covered on the module for general science. If the module 
contained 100 questions, how many questions should be included from each topic? If you feel a category should 
not be included in the module, put 0 in the space provided. Make sure your responses sum to 100. 

TOPICS NUMBER OF fVl(>DULE QUESTIONS 

(out of 100) 

285. SCIENTinC METHODOLOGY/TECHNIQUES/ 

HISTORY 

286. BASIC PRINCIPLES OF SCIENCE 

287. PHYSICS 

288. CHEMISTRY 

289. BIOLOGY 

290. EARTH AND SPACE SCIENCE 

291. SCIENCE, TECHNOLOGY, AND SOCIETY 

TOTAL 100 
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PART III - BACKGROUND INFORMATION 



The information that you provide in this section is completely confidential and will be used for research 
purposes only. Please answer the questions by circling the number that most closely describes you or your 
professional activities. Unless otherwise indicated, please circle only one response for each question. 



292. Where do you work? 



1 Alahama 


18. Kentucky 


36. Ohio 


2 Alaska 


19. Louisiana 


37. Oklahoma 


3. Arizona 


20. Maine 


38. Oregon 


4 Arkan^^ 


21. Maryland 


39. Pennsylvania 


S. California 


22. Massachusetts 


40. Puerto Rico 


6. Colorado 


23. Michigan 


41. Rhode Island 


7. Connecticut 


24. Minnesota 


42. South Carolina 


8. Delaware 


25. Mississippi 


43. South Dakota 


9. District of 


26. Missouri 


44. Tennessee 


Colombia 


27. Montana 


45. Texas 


10. Florida 


28. Nebraska 


46. Utah 


11. Georgia 


29. Nevada 


47. Vermont 


12. Hawaii 


30. New Hampshire 


48. Virginia 


13. Idaho 


31. New Jersey 


49. Washington 


14. Illinois 


32. New Mexico 


50. West Virginia 


15. Indiana 


33. New York 


51. Wisconsin 


16. Iowa 


34. North Carolina 


52. Wyoming 


17. Kansas 


35. North Dakota 





293. What is your age? 

1. Under 25 

2. 25-34 

3. 35-44 

4. 45-54 

5. 55-64 

6. Over 64 



294. What is your sex? 

1. Female 

2. Male 



295. Which of the following best describes the area in which you work? 

1. Urban 

2. Suburban 

3. Rural 
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296. 



How do you describe yourself? 



1. Native American, American Indian, or Alaskan Native 

2. Asian American, Asian, Native Hawaiian, or Pacific Islander 

3. African American or Black 

4. Mexican American or Chicano 

5. Puerto Rican 

6. Latin American, South American, Central American, or other Hispanic 

7. White 

8. Other 

297. Which of the following best describes your highest educational attainment? 

1. Less than a bachelor's 

2. Bachelor's 

3. Bachelor's + additional credits 

4. Master's 

5. Master's + additional credits 

6. Doctorate 



298. Which of the following best describes your current employment status? 

L Temporary substitute (assigned on a daily basis) 

2. Permanent substitute (assigned on a longer term basis) 

3. Regular teacher (not a substitute) 

4. Principal or assistant principal 

5. School administrator 

6. Curriculum supervisor 

7. State administrator 

8. College faci'lty 

9. Other (please specify) 

299. How many years have you taught general science? 

\. Never taught general science 

2. Less than a year 

3. 1 - 2 years 

4. 3 - 5 years 

5. 6-10 years 

6. 11 - 15 years 

7. 16-20 years 

8. 21 or more years 



300. What grade level(s) are you currently teaching? (Circle all that apply) 

1. Preschool/Kindergarten 

2. Grades 1-4 

3. Grades 5-8 

4. Grades 9-12 

5. College 

6. Do not teach 

7. Other (please specify) 
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301. Which of the following describes your current teaching assignment? (Circle ^that apply)? 



1. 


Biology 


2. 


Earth and Space Science 


3. 


Ecology 


4. 


General Science 


5. 


Marine Science 


6. 


Physical Science 


7. 


Physics 


8. 


Chemistry 


9. 


College 


10. 


Do not teach 



11. Other (please specify) 



302. Circle the following organizations to which you belong. 

1. American Association of Physics Teachers 

2. American Association for the Advancement of Science 

3. American Chemical Society 

4. American Federation of Teachers 

5. National Association of Biology Teachers 

6. National Association for Research in Science Teaching 

7. National Science Supervisors Association 

8. National Science Teachers Association 

9. National Association for Science, Technology, and Society 

10. National Education Association 

11. Other (please specify) 



THANK YOU FOR COMPLETING THIS INVENTORY. 
PLEASE RETURN IT WITHIN 10 DAYS USING THE ENCLOSED ENVELOPE. 



ERIC 



58 



829 



Appendix C 

Survey Cover Letter 
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EDUCATIONAL TESTING SERVICE 



PRINCETON. N.J. 08541 



609-921-9000 
609-73A-1090 iFail 
CABLE-EDUCTESTSVC 
• 

division of applied 
m";asurement research 



October 1990 
Dear Colleague: 

1 am writing to ask your cooperation in a project that should be of importance to teachers, 
college faculty, administrators, and other professionals in your field. Educational Testing Service 
(ETS) is in the process of developing a new generation of assessments for the purpose of 
licensing teachers. One type of assessment will be created to measure the prospective teacher's 
subject-matter of specialty-area knowledge and will likely be administered upon completion of 
the undergraduate teacher education program. One such assessment is a General Science 
module. I am asking for your help as we develop this module. 

As part of the developmental process, ETS has worked closely with an advisory committee of 
classroom teachers, college faculty, and school administrators to identify potentially important 
knowledge areas in general science instruction. The enclosed inventor)' has been constructed as 
a way to obtain your judgments of the importance of these areas for the newly licensed 
(certified) teachers of general science courses. Your responses and those of other professionals 
to this inventories will guide the development of the module. 

You will notice that the inventory asks for some background information about you; this is solely 
for purposes of describing respondents. Your answers will be treated in strict confidence. 

A postage-paid envelope is enclosed for the return of your completed inventory. Thank you for 
your participation in this very important project. 

Sincerely, 



Richard Tannenbaum, Ph.D. 
Associate Research Scientist 

Enclosures (2) 
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Appendix D 

Respondent Demographic 



D1 

61 



Number 


Percent 








Northeast 


46 


26.1 


Central 


48 


27.3 


oouincrn 


55 


31.3 


Cor \]l//>ef 

rdi WUSl 


27 


15.3 


I wldl 


176 




iviis8ing tvcsponscs 


0 












1 


0.6 




28 


16.0 


35 - 44 


73 


41.7 


45 - 54 


48 


27.4 




21 


12.0 




4 


2.3 


Total 


175 






3 




SEX 








81 


46.0 




95 


54.0 


Total 


176 






2 










Urban 


44 


25.3 


Suburban 


67 


38.5 


Rural 


63 


• 36.2 


. Total 


174 




Missing Responses 


4 
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Number 


Percent 


RACE/ETHNICITY 






Native American 


6 


3.4 


Asian American 


3 


1.7 


Black 


9 


5.1 


Mexican American 


0 


0.0 


Puerto Rican 


1 


0.6 


Hispanic 


1 


0.6 


White 


154 


88.0 


Other 


1 


0.6 


Total 


175 




Missing Responses 


3 




HIGHEST EDUCATIONAL ATTAINMENT 






Less than Bachelor's 


0 


0.0 


Bachelor's 


5 


2.9 


Bachelor's + Credits 


55 


31.4 


Master's 


15 


8.6 


Master's + Credits 


81 


46.3 


Doctorate 


19 


10.9 


Total 


175 




Missing Responses 


3 




CURRENT EMPLOYMENT STATUS 






Temporary Substitute 


0 


0.0 


Permanent Substitute 


0 


0.0 


Regular Teacher (not a substitute) 


119 


70.4 


Principal/Assistant Principal 


0 


0.0 


School Administrator 


0 


0.0 


Curriculum Supervisor 


11 


6.5 


State Administrator 


1 


0.6 


College Faculty 


33 


19.5 
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Percent 


CURRENT EMPLOYMENT STATUS (cont.) 






Other 


5 


3.0 


Total 


169 




Missing Responses 


9 




TEACHING EXPERIENCE (years) 






Never taught 


23 


13.1 


Less than 1 


1 


0.6 


1 - 2 


12 


6.9 


3 - 5 


23 


13.1 


6 - 10 


28 


16.0 


11 - 15 


30 


17.1 


16 - 20 


35 


20.0 


21 or more 


23 


13.1 


Total 


175 




Missing Responses 


3 




GRADES CURRENTLY TEACHING' 






Preschool/Kindergarten 


2 


1.0 


Grades 1-4 


2 


1.0 


Grades 5 - 8 


77 


38.7 


Grades 9-12 


61 


30.7 


College 


37 


18.6 


Do Not Teach 


9 


4.5 


Other 


11 


5.5 


Total 


199 




CURRENT TEACHING ASSIGNMENT' 






Biology 


f)8 


15.6 


Earth and Space Science 


47 


10.8 


Ecology 


24 


5.5 
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Number 




CURRENT TEACHING ASSIGNMENT (conl.) 






General Science 


85 


10 S 


Marirt? Science 


4 




Physical^jScience 


56 


19 Q 


Physics 


27 


o.z 


Chemistry 


42 


V./ 


College 


27 


6.2 


Do Not Teach 


8 


1.8 


Other 


. 47 


lU.o 


Total 


435 




MEMBERSHIP IN ORGANIZATIONS' 






American Association of Physics Teachers 


12 


A n 

'J.U 


American Association for the Advancement of Science 


16 


J.J 


American Chemical Society 


15 


j.U 


American Federation of Teachers 


9 


J.U 


National Association of Biology Teachers 


13 


4.J 


National Association for Research in Science Teaching 


5 


1.7 


National Science Supervisors Association 


17 


5.6 


National Science Teachers Association 


71 


23.5 


National Association for Science, Technology, and 
Society 


7 


2.3 


National Educational Association 


74 


24.5 


Other 


63 


20.9 


Total 


3()2 





NOTFi: Multiple responses were pcrmillcd. Hence, the total will exceed 178 and 100%. 
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Mean Importance Ratings hy Teachers and Teacher Educators 
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- 


Teachers 


Teacher 
Educators 




Mean 


SD 


Mean 


SD 


A. SCIENTIFIC METHOOOUXSY/TECHNKMJES/HiSTORY 










Metiiodology and PMoaophy 










1 Scientific method* (•.g., formulation of problem, hypotheses, etc.) 


3.72 


0.49 


3.55 


0.71 


2 Facts, models, theories, and laws 


3.16 


0.77 


3.15 


0.71 


3 Design of experiments (e.g., controls, independent/dependent variables) 


3.43 


0.73 


3.15 


0.87 


4 Observations, InterpreUtlons, and inferences 


3.41 


0.77 


3.24 


0.71 


5 Qualitative and quantiutlve observations 


3.18 


0.85 


3.09 


0.63 


6 History of science, including contr> lutions of various cultures 


2.34 


0.90 


2.52 


0.87 


Malhemattu, UmmmrnmO, and DM. Uanipufartion 










7 The metric systems 


3.55 


0.65 


3.73 


0.63 


8 Scientific noUtion 


2.80 


0.97 


3.27 


0.80 


9 Significant figures in measurement and calculations 


2.61 


1.01 


3.03 


0.85 


10 Unit/dimensional analysis 


2.49 


1.08 


2.84 


1.11 


1 1 Experimental errors (e.g., sources, precision, accuracy) 


2.38 


1.00 


2.67 


0.82 


12 Measures of central tendency and dispersion(e.g., mean, median, S.D., range) 


1.93 


1.08 


2.39 


1.03 


13 Mathematical relationships and patterns in numerical data 


1.89 


1.12 


2.67 


.i.92 


14 Simple digttal (binary) logic 


1.88 


1.15 


2.15 


0.94 


IS Presentation and interpretation of data in tables, graphs, charts, and maps 


3.53 


0.69 


3.55 


0.56 


Laboratory, HaM Activities, md Safety 










16 Laboratory and field equipment (e.g., t>alances, scales, ammeters, etc.) 


3.66 


0.59 


3.42 


0.71 


17 Preparation of specimens and materials (e.g., biological specimens, mixtures) 


3.08 


0.92 


3.12 


0.60 


18 Safety procedures 


3.91 


0.34 


3.76 


0.44 


19 Laboratory and field hazards 


3.68 


0.64 


3.73 


0.52 


20 Storage and disposal of materials 


3.60 


0.71 


3.64 


0.60 


a BASIC PRINCIPLES OF SCIENCE 










23 Physical and chemical properties 


3.36 


0.64 


3.39 


0.56 


24 Particulate nature of matter 


.3.44 


0.64 


3.39 


0.61 


25 Elements, names, symbols, occurrence, and relative abundance 


3.10 


0.77 


3.03 


0.73 


26 Physical and chemical changes 


3.32 


0.67 


3.24 


0.66 


27 Conservation of mass/energy 


3.17 


0.79 


3.30 


0.68 


28 Forms of energy 


3.34 


0.69 


3.03 


0.59 


29 Energy transformations 


3.03 


0.80 


3.09 


0.63 
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BEST COPY AVAILABLE 







Teachers 


Teacher 
Educators 






Mean 


SD 


Mean 


SD 


A. SaENIinC METHOOOtOGY/TECtlNIQUES/HISTORY 










a BASIC PRMCIPIES OF SCtENCE (oont) 










Heata 


id TtwfinodyfMMMtes 










30 


HMt versus tMnocrature 


2.76 


0.77 


2.97 


0.86 


31 


TMnp«ratur« scalM and mMsuramant 


3.22 


0.69 


3.00 


0.71 


32 


Conduction, convection, and radiation 


2.99 


0.83 


2.91 


0.80 


33 


HMt capacity /thorntal cxcitanga/tMat of fusion and vaporization 


2.52 


0.88 


2.55 


1.03 


34 


Pitas* citangas 


3.13 


0.80 


2.91 


0.88 


35 


Expansion and contraction 


2.93 


0.79 


2.75 


0.80 


36 


First law of tharntodynamlcs 


2.58 


0.92 


2.75 


0.98 


37 


Soconi^ law of ttwrmodyruimlcs 


2.47 


0.92 


2.66 


1.07 


Atomic md NudMr Skuctav 










38 


Historical davalopmant of atomic models 


2.34 


0.98 


2.36 


0.99 


3S 


Structure of the atom 


3.51 


0.70 


3.45 


0.67 


40 


Atomic mast, atomic number, m£ss number, and isotopes 


3.23 


0.84 


3.30 


0.73 


41 


Nuclear forces and binding energy 


2.47 


0.83 


2.52 


0.87 


42 


Citaracteristlcs of an electron in an atom 


2.88 


0.98 


2.82 


0.85 


43 


Chemical properties related to electron configuration 


2.55 


1.04 


2.82 


1.01 


44 


Chemical properties of radiation (e.g., alpha, beta, gamma decay) 


2.27 


1.06 


2.48 


0.83 


45 


Artificial and natural radiation 


2.26 


1.00 


2.33 


0.74 


46 


Half-life of radioactive isotopes 


2.16 


0.99 


2.33 


0.89 


47 


Nuclear reactions 


2.58 


1.01 


2.27 


0.88 


aPHYSICS 










Mtchinlci 










50 


Relationships among position/veloclty/acceleratlon for motion in a straight line 


2.79 


0.93 


3.00 


0.79 


51 


Rd. among position/velocity /constant acceleration for projectile motion 


2.51 


0.95 


2.80 


0.85 


52 


Rd. among posWon/veloclty/centrlpetal acceleration for uniform circular motion 


2.41 


0.98 


2.90 


0.80 


53 


Relationship between position and time for periodic motion 


2.25 


0.97 


2.57 


0.82 


54 


Newton's law of motion 


3.25 


0.78 


3.37 


0.67 


55 


Relationships among work, energy, and power 


3.19 


0.80 


3.07 


0.74 


56 


Simple machines, torque 


2.97 


o.a5 


3.03 


0.78 


57 


Friction 


3.08 


0.83 


3.03 


0.72 


58 


Conservation of momentum 


2.68 


0.93 


3.03 


0.61 
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Teachers 


Teacher 
Educators 






Mean 


cn 

bU 


iwean 


cr) 


K SCIEHTIFIC METHOOOljOGY/TECHIIIQUES/HiSTORY 










a PHYSICS (eong 










59 


Conservation of anargy 


3.11 


n Qo 
U.OZ 




ft I5T 

u.o/ 


60 


Nawton'a law of gravity 


3.22 


0.74 


3.27 


ft 

0.74 


61 


Pascal'* princlpla (hydrosutics) 


2.07 


1.09 


2.S3 


o.oe 


62 


Archlmadas' princlpla (buoyancy) 


2.43 


0.97 


2.67 


0.76 


63 


Barnoulll's princlpla 


2.40 


0.98 


2.43 


0.97 


64 


Ralativlstic affacts on langttt, mass, and tima 


2.36 


1.09 


2.13 


1.01 


Electricity and ItagMltam 










65 


Rapulslon and attraction of alectric charges 


3.25 


0.82 


3.23 


0.90 


66 


Sarlas and paralM cIrcuiU 


3.09 


0.92 


2.83 


0.99 


67 


Raslstanca 


2.71 


0.97 


3.03 


0.73 


68 


Potantial differanca 


2.44 


1.00 


2.83 


0.85 


69 


Currant 


2.89 


0.98 


3.03 


0.73 


70 


Capacitance 


2.01 


0.96 


2.48 


0.99 


71 


Inductance 


2.05 


0.98 


2,34 


0.94 


72 


Direct current (DC) and alterncting current (AC) 


2.95 


0.94 


3.00 


0.76 


73 


Transformers 


2.45 


0.94 


2.69 


0.76 


74 


Motors 


2.56 


0.97 


2.76 


0.83 


75 


Sources of EMF (e.g., lotteries, solar cells, generators) 


2.79 


0.91 


2. 90 


ft ftft 


76 


Large scale generations and transmission of energy and power 


2.44 


1.04 


2.24 


0.83 


77 


Semiconductor devices (e.g., diodes, Uansistors) 


2.23 


1.00 


2.38 


0.98 


78 


Magnets 


3,09 


0.84 


3.07 


0.70 ■ 


79 


Magnetic fields 


2.92 


0.93 


2.93 


0.80 


80 


Magnetic forces 


2.89 


0.95 


2.83 


0.89 


WavM 










81 


Wave cliaracteristics (speed, amplitude, wavelength, frequency) 


3.06 


0.88 


3.14 


0.83 


82 


Transverse and longitudinal waves 


2.86 


0.95 


2.79 


0.90 


83 


Reflection 


3.03 


0.85 


2.93 


0.88 


84 


Refraction 


3.02 


0.83 


2.90 


0.8£ 


85 


Diffraction 


2.74 


0.92 


2.62 


1.05 


86 


Interference 


2.34 


1.04 


2.28 


1.07 


87 


Dispersion 


2.21 


1.06 


2.03 


1.02 
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Teachers 


Teacher 

Educators 






Mean 


SO 


Mean 


SD 


A. SClEimnC METHOOOtOGY/TECHNIQUES/HISTORY 










C PHYSICS (oong 










88 


SUndIng wavat and raaonanca 


2.20 


1.01 


2.41 


0.87 


8« 


Oopplar affact 


2.72 


0.95 


2.55 


0.95 


90 


Charactarlttica of aound wavat (a.g., pitch, loudnatt, cpaad, timbre, beats) 


2.82 


0.96. 


2.64 


0.91 


91 


Th# atactromagnatic tpactrum (gamma rays to radio wavat) 


2.90 


0.95 


3.10 


0.90 


92 


Color 


3.03 


0.85 


2.86 


0.83 


93 


Uaar light 


2.70 


0.87 


2.7'2 


0.80 


94 


Optics (a.g., mirrors, lenses, prisms, fiber optics) 


2.91 


0.86 


3.03 


0.91 


95 


Polarization 


2.39 


0.90 


2.41 


0.98 


D. CHEMiSntY 










Poriodictty 










98 


The periodic table 


3.37 


0.78 


3.25 


0.95 


99 


The position of solids, liquids, etc. on the periodic Ubie 


3.01 


0.89 


2.94 


1.01 


100 


Trends In matting and boiling temperatures 


2.50 


0.90 


2.37 


1.03 


101 


Trends In atomic radii, ionization energy, electron affinity, and electronegativity 


2.15 


1.05 


2.10 


1.11 


TImM 


lola. Chemical Bondbig and Molacular Gaomalry 










102 


Mole concept and conversion among moles, molecules, grams 


2.09 


1.20 


2.77 


1.01 


103 


Information conveyed by a chemical formula 


3.10 


0.96 


3.20 


0.81 


104 


Simple liwrganic nomenclature 


2.63 


1.11 


3.00 


0.87 


105 


Clasaas of organic compounds (I.e., alkanas, alkanes, alcohols) 


2.19 


1.12 


2.67 


1.06 


106 


Percent composition of elements in a compound 


2.34 


1.12 


2.73 


1.01 


107 


Law of constant composition and law of multiple proportions 


2.09 


1.11 


2.67 


1.1 2 


108 


ionic, covalent, and metallic bonds 


2.69 


1.10 


3.17 


0.8? 


109 


Electron dot formulas and structural formulas 


2.46 


1.16 


2.57 


0.94 


110 


Types of bonding related to elactronagativlty differences 


1.99 


1.11 


2.17 


1.05 


111 


Valence shell electron pair repulsion model (VSEPR) 


1.83 


1.22 


1.97 


0.89 


112 


CiMm./physical proparties of compounds related to type of tiondlng/geometry 




1 11 




0 as 


Ih* KkMlic Thaory and StalM Of Matlw 










113 


Special properties of water (e.g., density of solid versus liquid) 


2.71 


1.02 


2.87 


1.01 


114 


Rel. among phases of matter, forces between particles and particle energy 


2.61 


1.06 


2.57 


1.01 


115 


sumptions of the kinetic molacular theory 


2.41 


1.0? 


2.47 


0.82 


116 


Relationships among volume/prassure/temperature/quantlty for Ideal gases 


2.S4 


1.00 


2.86 


1.06 
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Teachers 


Teacher 

Educators 






Mean 


SD 


Mean 


SD 


A. SaENTIFIC METHOOOUXSY/TECHMQUES/HtSTORY 










D. CHEMISTRY (oont) 










117 


RmI versus ideal oases 


1.86 


1.07 


2.10 


1.12 


118 


Phase changes for a pure substance 


2.27 


1.03 


2.43 


1.07 


119 


Relationships among evaporation rate/bolling temperature/vapor pressure 


2.38 


1.05 


2.43 


0.94 


120 


Characteristics of crystals 


2.24 


0.93 


2.23 


0.82 


Chemical n»«ctlon* 










121 


Equation balancing from written description of chemical reaction 


2.74 


1.08 


2.87 


1.17 


122 


General types of chemical reactions 


2.72 


1.10 


2.90 


1.03 


123 


Amounts of reactants and/or products using a balanced chemical equation 


2.49 


1.11 


2.60 


1.04 


124 


Endothermic and exothermic reactions 


2.41 


1.11 


2.53 


1.01 


125 


Collision theory and reaction rates 


1.91 


1.08 


2.00 


1.11 


126 


Activation energy and the effects of a catalyst 


2.09 


1.14 


2.39 


0.99 


127 


Rate-Influencing factors In chemical reactions 


2.35 


. 1.07 


2.58 


0.96 


128 


Chemical equilibrium 


2.26 


1.14 


2.52 


1.03 


129 


Le ChAteller's principle 


1.71 


1.08 


2.10 


1.16 


130 


' Factors that disturb equilibrium (e.g., temperature, pressure, concentration) 


2.11 


1.19 


2.35 


1.02 


131 


Oxidation and reduction reactions 


2.28 


1.10 


2.52 


1.00 


132 


Electrochemical cells and electrode reactions 


2.02 


0.96 


2.32 


0.83 


133 


Practical applications of electrochemistry 


2.16 


1.09 


2.63 


0.85 


Solutions and SoiuUtty 










134 


Types of solutions 


2.86 


0.98 


2.71 


1.01 


135 


Selective nature of solvents (e.g., like dissolves like) 


2.51 


1.02 


2.77 


0.99 


136 


Effects of temperature and pressure on solubility 


2.66 


0.98 


2.SS 


0.89 


137 


Dissolving process and the factors that effect the rate of dissolving 


2.55 


1.01 


2.45 


0.96 


138 


Concentration of solutions 


2.88 


0.87 


2.81 


0.91 


139 


Conductivity of solutions and the Ionization process 


2.37 


1.01 


2.42 


0.92 


140 


Colllgative properties of solutions 


1.94 


1.05 


2.10 


1.03 


141 


Acids, bases, and salts 


3.22 


0.82 


3.29 


0.74 


142 


PH 


3.14 


0.83 


3.16 


0.90 


143 


Strong versus weak acids and bases 


2.84 


0.94 


2.90 


0.87 


144 


Buffer solutions 


2.46 


0.99 


2.68 


1.05 
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Educators 






Mean 


SD 


Mean 


SD 


A. SCIENTIFIC METHODOLOGY/TECHNiOUES/HISTORY 










E. BIOLOGY 










ThmOM 










147 


Prokaryotic and •ukaryotlc c«il* 


2.45 


1.16 


2.92 


1.22 


148 


Structure and function* of callular organella* 


2.83 


0.98 


3.00 


1.12 


149 


Plant and animal coll* 


3.41 


0.70 


3.27 


0.67 


150 


Structura and function of mambrana* (e.g., active tranaport, ptasmotysis) 


2.97 


0.87 


3.15 


0.88 


151 


Chemical reactioh* In reepiratlon 


2.69 


1.01 


2.96 


0.87 


152 


Chemical reaction* In photoeynthesi* 


2.88 


1.00 


3.08 


0.84 


153 


Interrelationahip* of metabolic pathway* 


2.19 


1.15 


2.73 


1.12 


154 


Principle* of enzymatic activity 


2.16 


1.07 


2.80 


0.96 


155 


Cell cycle 


2.65 


1.13 


3.12 


0.82 


156 


Stage* and purpose* of mitoei* and cytokinesis 


2.80 


0.94 


3.12 


0.95 


157 


Stage* and purpose* of meloel* 


2.82 


0.92 


3.08 


1.06 


GwMtics 










158 


Structure and replication of DNA 


2.79 


0.91 


3.23 


0.91 


159 


Baaic mechaniam* of protein eynthesi* 


2.36 


1.05 


2.85 


1.08 


160 


Cause* and results of mutations 


2.59 


1.05 


2.77 


1.03 


161 


Genetic engineering 


2.48 


1.04 


2.50 


1.10 


162 


Mendel's Laws and monohybrid and dihybrid crosses 


2.94 


0.97 


2.88 


0.99 


163 


Non-Mendeilan Inheritance (e.g., multiple alleles, multiple genes) 


2.52 


0.98 


2.58 


1.17 


164 


Interaction between heredity and environment 


2.96 


0.87 


2.92 


0.93 


165 


Human genetic disorders 


2.86 


0.95 


2.73 


1.00 


Evolution 










166. 


Historical developments relating to the origin of life 


2.60 


1.08 


2.73 


0.96 


167 


Evidence for and factors affecting evolution 


2.59 


1.15 


3.04 


0.79 


168 


Theories and patterns of evolution 


2.65 


1.18 


2.69 


0.97 


169 


Isolating mechanisms and speclatlon 


2.26 


1.11 


2.46 


1.07 


OiMralty Of Ute 










170 


Ganerai characteristics of life 


3.47 


0.71 


3.27 


0.78 


171 


Classification schemes (Five Kingdoms and nomenclature) 


3.23 


0.80 


3.00 


0.94 


172 


Characteristics of viruses, monerans, protlsts, fungi, plants and animals 


3.17 


0.83 


2.92 


0.98 
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Educators 






Mean 


SD 


Mean 


SD 


A. SOENTtflC METHODOLOGY/TECHWQUES/HiSTORY 










E. BKXjOGY (eont) 










Plants 












173 


Nonvascular and vascular plants 


2.97 


0.85 


2.92 


0.93 


174 


Structure and functions of roots, stsms, and Imvss 


3.21 


0.71 


3.31 


0.62 


175 


Transport systems, nutrient uptalcs 


2.87 


0.95 


3.04 


0.77 


176 


Control mecttanlsms (s.g., horn»oo«s, photoperlods, troplsms) 


2.32 


1.03 


2.69 


0.79 


177 


Asexual reproduction 


2.97 


0.87 


2.92 


0.74 


178 


Sexual reproduction (flower*, fruiU, seeds, dispersal, germination) 


3.21 


0.77 


3.12 


0.59 


Animal* 










179 


Digestion and nutrition 


3.31 


0.74 


3.19 


0.69 


180 


Circulation 


3.30 


0.74 


3.19 


0.69 


181 


Respiration 


3.29 


0.73 


3.19 


0.69 


182 


Excretion 


3.23 


0.78 


3.19 


0.69 


183 


Nervous system 


3.23 


0.79 


3.19 


0.69 


184 


Musculoslceletal system 


3.11 


0.82 


2.77 


0.82 


185 


Immune and lymphatic systems 


2.93 


0.87 


2.88 


0.91 


186 


Endocrine system 


2.92 


0.86 


2.88 


0.91 


187 


Reproduction and development 


3.41 


0.70 


3.04 


0.77 


188 


Homeostasis 


2.91 


0.82 


2.92 


0.93 


189 


Responses to stimuli (Uxes, Instincts, conditioned reflexes, learned behaviors) 


2.86 


0.83 


2.52 


1.12 


Ecology 










190 


Population dynamics (Intraspeclfic Interaction) 


2.64 


0.97 


2.73 


0.83 


191 


Ufe-hlstory patterns (e.g., r and k strategists) 


2.20 


1.05 


2.19 


0.94 


192 


Interspecific relationships 


2.88 


0.85 


2.50 


0.99 


193 


Community structure and niche 


2.91 


0.94 


2.58 


0.95 


194 


Social behavior (e.g., dominance, hierarchy, altruism) 


2.70 


0.92 


2.27 


0.83 


195 


Species diversity In communities 


2.75 


0.93 


2.42 


1.17 


196 


Succession 


2.75 


0.92 


2.35 


1.09 


197 


Aquatic and terrestrial ecosystems 


2.94 


0.84 


2.65 


0.89 


198 


Food webs and energy flow through ecosystems 


3.24 


0.73 


2.92 


1.09 


199 


Cycling of materials (e.g., nitrogen, water, carbon) 


3.11 


0.82 


2.96 


1.00 


200 


Blomes 


2.99 


0.89 


2.28 


1.06 
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Teachers ' 


Teacher 

Educators 






Mean 


crv 


Mean 


cn 

bU 


A. SaENTIFIC METHOOOLOGY/TECHNIQUES/HISTORY 










F. EARra AND SPACE SCIENCE 










Physical G*oiogy 










203 


Physicai and chomlcai proportiaa of minarals 


2.96 


0.91 


2.68 


0.72 


204 


Gonoral typaa of minerals (a.g., silleatas, carbonates) 


2.65 


0.97 


2.54 


0.88 


205 


Typos of rocks and tho procossos that form them 


3.11 


0.92 


3.04 


0.88 


206 


Folding and faulting 


2.96 


0.86 


2.68 


0.86 


207 


Earthquakes 


3.11 


0.81 


2.93 


0.81 


208 


Volcanoes 


3.10 


0.81 


2.82 


0.77 


209 


Rock magnetism 


2.26 


0.97 


2.35 


0.80 


210 


Isostasy 


2.01 


1.06 


1.92 


1.00 


211 


Evidence from seismic studies 


2.38 


1.08 


2.23 


0.91 


212 


Crust, mantle, and core 


3.15 


0.87 


2.69 


0.68 


213 


Uthosphere and asthenosphere 


2.58 


1.10 


2.42 


1.14 


214 


Convection In the mantle 


2.64 


0.96 


2.31 


0.97 


215 


Heat sources within the Earth 


2.76 


0.92 


2.31 


0.84 


216 


Hot spoU 


2.58 


0.97 


2.27 


0.96 


217 


Plate tectonic theory 


3.22 


0.89 


2.88 


0.95 


218 


Physical and chemical weathering 


3.13 


0.90 


2.85 


0.78 


219 


Mass wasting (e.g., creep, slump) 


2.33 


1.04 


2.00 


1.08 


220 


Hydrologic cycle 


2.97 


0.95 


2.69 


1.01 


221 


Artesian and rKMiartesian wells 


2.23 


1.03 


2.31 


0.79 


222 


Process/structures of eroslonal/deposltional features shaped by running water 


2.95 


0.88 


3.12 


0.73 


HUtorical Geology 










223 


Principle of uniformltarlanism 


2.27 


1.14 


2.31 


1.12 


224 


Relative and absolute time (Including dating techniques) 


2.44 


1.05 


2.65 


1.02 


225 


Geologic time scale 


2.70 


1.01 


2.81 


0.90 


226 


Principles of stratigraphy (e.g., cross relations, superposition) 


2.14 


1.08 


2.12 


1.18 


227 


Formation of atmosphere and hydrosphere 


2.48 


1.07 


2.62 


0.94 


228 


Iffft of fossils and evidence provided by fossils 


2.71 


0.90 


2.88 


0.86 


229 


Mass extinctions 


2.52 


1.01 


2.65 


0.98 
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Teachers 


Teacher 

Educators 






Mean 


SD 


Mean 


SD 


A. SCIENTIFIC METHOOOLOGY/TECHMQUES/HISTORY 










F. EARTH AND SPACE SCIENCE (oont) 










OoMnography 










230 


Wind-generated wave* (e.g., formation, motion) 


2.52 


0.87 


2.63 


0.88 


231 


Tide* 


2.84 


0.85 


2.78 


0.75 


232 


Ocean currents (global and local; surface and deep) 


2.67 


0.89 


2.70 


0.78 


233 


Shore processee (e.g., formation of dunes, beach profiles, wave effects) 


2.57 


0.88 


2.37 


0.79 


234 


Geographic location of oceans and seas 


2.96 


0.92 


2.96 


0.90 


235 


Physical and chemical properties of the ocean 


2.64 


0.91 


2.67 


0.73 


236 


Topography of the ocean floor 


2.70 


0.89 


2.22 


0.85 


237 


Effect* of plate tectonics on the geology /biology/topography of the ocean floor 


2.95 


0.93 


2.63 


1.18 


238 


Nutrient cycles of the ocean 


2.58 


0.92 


2.63 


0.88 












239 


Physical and chemical properties of atmospheric layers 


2.63 


0.92 


2.41 


1.08 


240 


Seasonal and latitudinal variation of solar radiation 


2.59 


1.06 


2.59 


0.97 


241 


Heat budget of the atmosphere and the natural greenhouse effect 


2.98 


0.85 


3.07 


0.72 


242 


Causes of winds 


2.94 


0.87 


3.00 


0.67 


243 


Global wind belu 


2.61 


0.94 


2.79 


0.69 


244 


Variations In circulation (e.g., sea and land breezes, monsoons, jet stream) 


2.67 


0.58 


2.68 


0.90 


245 


Relative and absolute humidity (e.g., dew, frost point) 


2.83 


0.88 


2.89 


0.74 


246 


Cloud types and formation 


2.93 


0.94 


2.68 


0.72 


247 


Precipitation types and formation 


3.03 


0.90 


2.75 


0.65 


248 


Air masses (e.g., temperature, moisture content, source areas) 


2.90 


0.84 


2.57 


0.74 


249 


High and tow pressure systems (Including storms) 


3.04 


0.90 


2.89 


0.64 


250 


Frontal systems (e.g., cold, warm, stationary, occluded) and associated weather 


2.99 


0.86 


2.86 


0.76 


251 


Weather maps and station models 


2.86 


0.84 


2.64 


0.87 


252 


Weather forecasting 


2.79 


0.96 


2.68 


0.86 


253 


Regional and local natural factors affecting climate (e.g., topography, latitude) 


2.84 


0.87 


2.57 


0.63 


254 


Desertification, enhanced greenhouse effect, volcanic ash effects on climate 


2.82 


0.95 


2.78 


1.01 


Astronoiny 










255 


Theories of and evidence for the origin of the universe 


2.89 


0.91 


3.00 


0.94 


256 


SUucture of the universe (e.g., galaxieSi novas, blacl( holes, quasars, stars) 


2.93 


0.88 


2.93 


0.94 


257 


Large units of distance (e.g., ast snomlcal unit, light-year, parsec) 


2.68 


0.98 


2.71 


1.01 
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Teachers 


Teacher 

Educators 






Mean 


SO 


Mean 


SO 


A. SaENTIFIC METNOOOLOGY/TECHNiOUES/HISTORY 










F. EARTM AND SPACE SCIENCE (eont) 










258 


Origin and Uf« cycle of start 


2.66 


0.97 


2.68 


0.90 


259 


Origin of ttw solar tyttam 


2.86 


1.03 


2.93 


0.90 


260 


Major fMturat of «m Sun (Including Ht anargy sourca) 


3.01 


0.85 


3.00 


0.67 


261 


Structure of tha sotar tystam (a.g., planata, moons, asteroids, comets) 


3.22 


0.88 


3J2^ 


0.69 


262 


Phasas of the Moon 


3.01 


0.97 


2.86 


0.93 


263 


Lunar and solar eclipses 


3.08 


0.87 


2.89 


0.88 


264 


Causes of seasons 


3.28 


0.84 


3.29 


0.71 


265 


Factors determining the length of a planetary year and day 


2.79 


1.08 


2.86 


0.89 


266 


Tlnte zones on the Earth 


2.71 


1.05 


2.75 


0.84 


267 


Space exploration 


3.07 


0.89 


2.68 


0.98 


268 


Exploration of Earth from space 


2.85 


1.01 


2.57 


0.88 


a SCIENCE. TCCfWOLOGY, AND SOCIETY 










271 


Issues associated with ef«ergy production and use 


3.25 


0.82 


3.30 


0.79 


272 


Issues associated with production and use of consumer products 


2.96 


0.87 


3.03 


0.76 


273 


Prob. caused by the biological magnification of toxic materials In food chains 


3.26 


0.79 


3.10 


0.80 


274 


Conservation of nonrenewable resources (e.g., soil, metals, and fossil fuels) 


3.50 


0.64 


3.23 


0.73 


275 


Rel. of geog. distribution of natural resources/population patterns/global politics 


2.95 


0.94 


2.83 


1.02 


276 


Issues associated with biotechnology 


2.89 


0.92 


2.77 


0.97 


277 


Biological and chemical control of agricultural pests 


2.85 


0.98 


2.53 


0.97 


278 


Effect of agricultural practice on the environment 


2.93 


0.93 


2.83 


0.99 


279 


Use of science and technology to predict and prepare for natural disasters 


2.93 


0.91 


2.43 


0.73 


280 


Use of technology in everyday devices 


3.11 


0.86 


2.83 


0.83 


281 


issues associated wHh health and wellness 


3.15 


0.87 


3.00 


0.87 


282 


Issues associated with technology transfer 


2.71 


0.90 


2.47 


1.04 
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Teachers 


Teacher 

Educators 




Mean 


Mean 


A. SCIEMTIFIC UEnKMOLOGY/TECHNIQUES/HISTDRY 






ftMhodoloQy Mid PWhMMpliy 

6 History of tcl«nc«, Including contributions of various cultures 


2.34 


2.52 


Ifarihamalies, MMMHVwMn^ and Data MMiifMriaiion 






10 Unlt/dimanslonal analysis 


2.49 


2.84 


1 1 Expcrlmantal arrors (a.g., sourcas, precision, accuracy) 


2.38 


2.67 


1 2 Measures of central tendency and disperslon(e.g., mean, median, S.D., range) 


1.93 


2.39 


1 3 Mathematical relationships and patterns In numerical data 


1.89 


2.67 


14 Simple digital (binary) logic 


1.88 


2.15 


B. BASIC PRINCIPLES OF SCIENCE 






Heal and HieffModynainlcs 






37 Second law of ttwrmodynamlcs 


2.47 


2.66 


Atomic and NuGlaar Stnidura 






38 Historical development of atomic models 


2.34 


2.36 


41 Nuclear forces and binding energy 


2.47 


2.52 


44 Chemical properties of radiation (e.g., alpha, beta, gamma decay) 


2.27 


2.48 


45 Artificial and natural radiation 


2.26 


2.33 


46 Half-life of radioactive Isotopes 


2.16 


2.33 


47 Nuclear reactions 


2.58 


2.27 


aPHYSiCS 

HaillMllCI 






52 Rel. among posttion/velocity/centripetal acceleration for uniform circular motion 


2.41 


2.90 


53 Relationship t>etween position and time for periodic motion 


2.25 


2.57 


61 Pascal's principle (hydrostatics) 


2.07 


2.53 


62 Archimedes' principle (buoyancy) 


2.43 


2.67 


63 Bernoulli's principle 


2.40 


2.43 


64 Relattvlstic effects on length, mass, and time 


2.36 


2.13 


ElacMclty and Maonetiam 






68 Potential difference 


2.44 


2.83 


70 Capacitance 


2.01 


2.48 


71 Inductance 


2.05 


2.34 


73 Transformers 


2.45 


2.69 
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Teachers 


Teacher 
Educators 






Mean 


Mean 


a PHYSICS (cont) 






76 


Larg* seal* ganarations and transmission of anergy and power 


2.44 


2.24 


77 
WavM 

86 


Samlconductor davicas (a.g., diodas, transistors) 


2.23 


2.38 


Intarfaranca 


2.34 


2.28 


87 


DIsparaion 


2.21 


2.03 


88 


Standing wavas and rasonanca 


2.20 


2.41 


95 


Polarization 


2.39 


2.41 


D. CHEMISniY 






Pwfodfclty 






100 


Trartds In malting and Iwlling tamparaturas 


2.50 


2.37 


101 


Trands In atomic radii, ionization anargy, alttctron affinity, and alactronegatlvfty 


2.15 


2.10 


TlwN 


oia, CtiMiicai Bondbig and MolacufaHr Gauiiialiy 






102 


IMola concept and conversion among moles, molecules, orams 


2.09 


2.77 


105 


Classes of organic compounds (l.e., alltanes, alltenes, alcohols) 


2.19 


2.67 


106 


Percent composition of elements in a compound 


2.34 


2.73 


107 


Ijiw of constant composition and law of multiple proportions 


2.09 


2.67 


109 


Electron dot formulas artd structural formulas 


2.46 


2.57 


110 


Types of Iwnding related to electronegativity differences 


1.99 


2.17 


111 


Valence shell electron pair repulsion model (VSEPR) 


1.83 


1.97 


112 


Chem./physlcal properties of compounds related to type of bonding/geometry 


2.04 


2.20 


Th* KkMltc HMory and SMM Of Matlar ' 






115 


Assumptions of the Idnetlc molecular theory 


2.41 


2.47 


117 


Real versus Ideal oases. 


1.86 


2.10 


118 


Phase changes for a pure substance 


2.27 


2.43 


119 


Relationships among evaporation rate/lwlling temperature/vapor pressure 


2.38 


2.43 


120 


Characteristics of crystals 


2.24 


2.23 


CtMmical RMdtons 






123 


Amounts of reactants and/or products using a balanced chemical equation 


2.49 


2.60 


124 


Endothermic and exothermic reactions 


2.41 


2.53 


125 


Collision theory and reaction rates 


1.91 


2.00 


126 


Activation energy and the effects of a catalyst 


2.09 


2.39 
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Teacher 




Teachers 


Educators 




Mean 


Mean 


aCHEMtSTRYfoont) 






127 Rat»4nfl«MncIng factors In chamlcal reactions 


2.35 


2.58 


128 CiMmical •quillbrlum 


2.26 


2.52 


129 U Chttaiiwr's prindpl* 


1.71 


2.10 


130 Factors that disturb •quillbrlum (a.g., temparatura, pressure, concentration) 


2.11 


2.35 


131 Oxidation and reduction reactions 


2.28 


2.52 


132 Eiectrociiemlcal cells and electrode reactions 


2.02 


2.32 


133 Practicai applications of electrochemistry 


2.16 


2.63 


Sokiliom and SohMHy 






137 Dissolving process and the factors that effect the rate of dissolving 


2.55 


2.45 


139 Conductivity of solutions and the Ionization process 


2.37 


2.42 


140 Colligative properties of solutions 


1.94 


2.10 


144 Buffer solutions 


2.46 


2.68 


E. BKNjOGY 






TheCel 






147 Prokaryotic and eukaryotic cells 


2.45 


2.92 


153 Interrelationships of meubollc pathways 


2.19 


2.73 


1 54 Principles of enzymatic activity 


2.16 


2.80 


Genetics 






159 Basic mechanisms of protein synthesis 


2.36 


2.85 


161 Genetic engineering 


2.48 


2.50 


Evolution 






169 Isolating mechanisms and speclation 


2.26 


2.46 


Ptanli 






176 Control mechanisms (e.g., hormones, photoperiods, troplsms) 


2.32 


2.69 


Eedogy 






191 Ufe-hlstory patterns (e.g., r and k sUateglsU) 


2.20 


2.19 


194 Social behavior (e.g., dominance, hierarchy, alUuIsm) 


2.70 


2.27 


195 Species diversity In communities 


2.75 


2.42 


196 Succession 


2.75 


2.35 


200 Btomes 


2.99 


2.28 
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Teachers 


Teacher 
Educators 






Mean 


Mean 


F. EARTH AND SPACE SCIENCE 






Ptiyaicai Geology 






209 


Rock iMgnoUtm 


2.26 


2.35 


210 


ItotUty 


2.01 


1.92 


211 


Evidonc* from Mitmtc ttudlo* 


2.38 


2.23 


213 


UthotplMro and a«th«no«ph«r« 


2.58 


2.42 


214 


Convoction In th« mantio 


2.64 


2.31 


215 


Hoat sourco* within th« Earth 


2.76 


2.31 


216 


Hot spots 


2.58 


2.27 


219 


Mass watting (e.g., cr««p, slump) 


2.33 


2.00 


221 


Artesian and nonartetian wall* 


2.23 


2.31 


HMoriori Goology 






223 


Princlpio of unlformHarlanltm 


2.27 


2.31 


224 


RalatWa and absolute time (includ!n; uating teciinlques) 


2.44 


2.65 


226 


Principles of stratigrapiiy (e.g., cross relations, superposition) 


2.14 


2.12 


227 


Formation of atmospiiere and iiydrospiiere 


2.48 


2.62 


OoMmography 






233 


Stiore processes (e.g., formation of dunes, beacii profiles, wave effects) 


2.57 


2.37 


236 


Topography of the ocean floor 


2.70 


2.22 








239 


Physical and chemical properties of atmospheric layers 


2.63 


2.41 


a SOEMCE, THCHHOtOGY, AMD SOCIETY 






279 


Use of science and technology to predict and prepare for natural disasters 


2.93 


2.43 


282 


Issues associated with technology transfer 


2.71 


2.47 
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Percent of Responses hy 
Level of Understanding Categ ory 



G1 

82 



Level of Understanding 



% Responding 





0 


1 


2 


3 


4 


A. SCIENTIFIC UETHODOLOGY/TECHNIQUES/HISTORY 












Metttodology and PNkMophy 












1 Scientific method* (e.g., formulation of problem, liypothe«e«, etc.) 


.00 


1.12 


7.87 


34.27 


56.74 


2 Facts, models, theories, and laws 


.00 


6.86 


1.14 


45.71 


26.29 


3 Design of experiments (e.g., controls, independent/dependent variables) 


1.13 


1.13 


9.04 


46.33 


42.37 


4 Observations, interpretations, and Inferences 


.00 


1.72 


13.22 


45.98 


39.08 


5 Qualitative and quantitative observations 


.57 


3.98 


19.32 


49.43 


26.70 


6 History of science, including contribuiions of various cultures . 


4.52 


13.56 


50.28 


22.S0 


9.04 


Mathematics, MMSurament, and Data Manipulation 












7 The metric systems 


.00 


1.69 


7.34 


35.03 


55.93 


8 Scientific notation 


1.14 


2.84 


29.55 


40.91 


25.57 


9 Significant figures in measurement and calculations 


1.71 


6.86 


32.57 


41.14 


17.71 


10 Unit/dimensional analysis 


4.07 


9.30 


31.98 


36.05 


1860 


11 ExperimenUI errors (e.g., sources, precision, accuracy) 


2.86 


13.71 


36.57 


34.86 


12.00 


12 Measures of cenUat tendency and dispersion(e.g., mean, median, S.D., range) 


8.67 


16.18 


38.73 


27.17 


9.25 


1 3 Mathematical relationships r.nd patterns < numerical data 


9.14 


18.86 


38.29 


20.57 


13.14 


14 Simple digital (binary) logic 


11.11 


25.15 


32.16 


20.47 


11.11 


15 Presentation and interpretation of daU in tables, graphs, charts, and maps 


.58 


.58 


6.94 


36.99 


54.91 


Laboratory, Field ActivitiM, Md Safety 












16 Lat>oratory and field equipment (e.g., balances, scales, ammeters, etc.) 


.00 


1.16 


7.51 


50.29 


41.04 


17 Preparation of specimens and materials (e.g., biological specimens, mixtures) 


1.74 


4.07 


19.19 


50.58 


24.42 


18 Safety procedures 


.58 


1.16 


3.49 


36.05 


58.72 


19 Laboratory and field hazards 


.58 


.58 


9.94 


38.60 


50.29 


20 Storage and disposal of materials 


.58 


2.31 


9.25 


41.04 


46.82 


a BASIC PRINaPLES OF SaENCE 












23 Physical and chemical properties 


4.05 


4.05 


15.61 


46.82 


33.53 


24 Particulate nature of matter 


2.89 


2.89 


14.45 


39.31 


43.35 


25 Elements, names, symbols, occurrence, and relative abundance 


.00 


4.68 


30.41 


39.77 


25.-) 5 


26 Physical and chemical changes 


.00 


1.74 


20.93 


44.19 


33.14 


27 Conservation of mass/energy 


.00 


1.74 


25.00 


37.79 


35.47 



Level of Understanding: 0 = An understanding of the tcnowledge area is not needed: 1 = Def'me the terms used in the tcnowledge area; 2 = 
Comprehend the essential properties of the tcnowledge are!*: 3 = ^Apply/Utilize the tcnowledge area to address problems or questions; 4 = 
Analyze the t(nowledge area into component parts and explain the interrelationships among the parts. 
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CICCT r ADV AUAll ABl 



Level of UndersUt^dlng 



% Reeponding 







0 


1 


2 


3 


4 


aBAStC PniNOPLES OF SCIENCE (oonL) 












28 


Form* of •n^rgy 


.00 


2.91 


20.93 


38.05 


37.21 


20 


Energy traneformation* 


.00 


4.65 


22.67 


44.77 


27.01 


Heat and llMnnodynainics 












30 


Heat versus temperature 


.00 


5.85 


33.92 


38.60 


21.64 


31 


Temperature scalas and measurement 


.00 


4.05 


20.81 


46.82 


28.32 


32 


Conduction, convaction, and radiation 


.58 


5.23 


30.81 


37.21 


26.16 


33 


Heat capacKy/theimal exchange/heat of fusion and vaporization 


1.75 


12.87 


38.60 


33.33 


13.45 


34 


Phase changes 


.00 


4.07 


21.51 


44.10 


30.23 


35 


Expansion end contraction 


.00 


5.23 


29.07 


45.03 


19.77 


36 


First law of thermodynamics 


2.35 


10.00 


35.88 


32.35 


19.41 


37 


Second law of thermodynamics 


2.35 


12.35 


34.12 


34.12 


17.06 


Atomic and Muetef Smictuf 












38 


Historical development of atomic models 


3.51 


19.88 


38.01 


23.30 


15.20 


39 


Structure of the atom 


.00 


1.69 


19.10 


33.71 


45.51 


40 


Atomic mass, atomic number, mass number, and Isotopes 


1.12 


3.37 


24.16 


35.06 


35.30 


41 


Nuclear forcea and binding energy 


2.82 


10.17 


48.59 


30.51 


7.01 


42 


Characteristics of an electron In an atom 


1.14 


7.39 


35.80 


30.68 


25.00 


43 


Chemical properties related to elecUon configuration 


2.84 


10.23 


34.09 


31.82 


21.02 


44 


Chemical properties of radiation (e.g., alpha, beta, gamma decay) 


3.37 


16.29 


41.57 


20.78 


8.00 


45 


Artificial and natural radiation 


3.39 


17.51 


45.76 


25.42 


7.01 


46 


Half-life of radioactive Isotopes 


4.49 


17.42 


39.89 


30.90 


7.30 


47 


Nuclear reactions 


3.39 


16.95 


37.29 


20.38 


12.00 


0. PHYSICS 












Mof hanlri 












50 


Relationships among posltion/veloclty/acceleratlon for motion in a straight line 


.58 


9.94 


24.56 


30.18 


25.73 


51 


Rel. emong posltion/veloclty/constant acceleration for pro|ectile motion 


1.75 


10.53 


33.33 


35.67 


18.71 


52 


Rel. emong posltlon/velocity/centrlpetal acceleration for uniform circular motion 


1.75 


12.28 


37.43 


32.75 


15.70 


53 


Relationship between position and time for periodic motion 


3.47 


15.03 


38.73 


32.37 


10.40 


54 


Newton'a law of motion 


.00 


4.02 


21.26 


36.78 


37.03 



Level of Understanding; 0 = An understanding of the tcnowledge area is not needed; 1 = Define the forms used in the tcnowledge area; 2 = 
Comprehend the essential properties of the knowledge area; 3 = Apply/Utilize the knowledge area to address problems or questions; 4 = 
Analyze the knowledge area into component parts and explain the interrelationships among the parts. 
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Leval of Understanding 



% Responding 







0 


1 


2 


3 


4 


aPHYSiCS (cont) 












55 


D#tAtionfthtDft AnwMMi work AiMrav and oQ^umr 


.00 


4.02 


17.24 


45.98 


32.76 


56 


SlmolA nuehliMft tArouA 


.38 


5.20 


25.43 


45.66 


23.12 


57 


Friction 


.00 


4.02 


29.31 


43.88 


22.99 


58 


Conservation of moiiMntum 


1.16 


6.94 


30.06 


46.24 


15.61 


59 


Conservation of energy 


.00 


4.62 


21.97 


42.20 


31.21 


60 


Newton's law of gravity 


.00 


4.07 


20.93 


45.35 


29.65 


61 


Pascal's principle (hydrostatics) 


5.26 


16.96 


42.11 


26.90 


8.77 


62 


Arcitlmedes' principle (buoyancy) 


3.49 


11.63 


33.72 


37.21 


13.95 


63 


Bernoulli's principle 


2.91 


15.12 


38.37 


33.14 


10.47 


64 


Relativlstic effects on length, mass, and time 


4.62 


15.61 


35.84 


31.79 


12.14 


ElectricHy wkI MmnHiw 












65 


Repulsion and attraction of electric charges 


.00 


5.81 


16.28 


44.19 


33.72 


66 


Series and parallel circuits 


.00 


6.36 


16.18 


49.71 


27.75 


67 


Resistance 


1.17 


8.19 


24.56 


48.54 


17.54 


68 


Potential difference 


2.92 


12.28 


32.16 


38.01 


14.62 


69 


Current 


1.76 


8.82 


22.35 


42.94 


24.12 


70 


Capacitance 


6.59 


13.77 


44.31 


29.34 


5.99 


71 


Inductance 


5.33 


15.98 


45.56 


26.04 


7.10 


72 


Direct current (DC) and alternating current (AC) 


.59 


7.65 


25.88 


40.00 


25.88 


73 


Transformers 


1.76 


13.53 


32.94 


39.41 


1Z35 


74 


Motors 


1.78 


13.02 


31.95 


40.24 


13.02 


75 


Sources of EMF (e.g., batteries, solar cells, generators) 


1.18 


7.65 


32.94 


40.59 


17.65 


76 


Large scale generations and transmission of energy and power 


3.55 


15.98 


35.50 


34.32 


10.65 


77 


Semiconductor devices (e.g., diodes, transistors) 


4.12 


18.24 


33.53 


33.53 


10.59 


78 


Magnets 


.00 


4.09 


24.56 


46.78 


24.56 


79 


Magnetic fields 


.58 


7.60 


25.15 


46.78 


19.88 


80 


Magnetic forces 


1.17 


8.77 


25.73 


45.61 


18.71 



Level of Understanding; 0 = An understanding of the knowledge area is not needed; 1 = Define the terms used in the knowledge area; 2 « 
Comprehend tha essential properties of the knowledge area; 3 = Apply/Utilize the knowledge area to address problems or questions; 4 = 
Analyze the knowledge area ir to component parts and explain the interrelationships among the parts. 
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Level of Understanding 



% Responding 







0 


1 


2 


3 


4 


0. ckemisthy (cont) 












108 


Ionic, covalent, and metallic bonds 


2.96 


12.43 


21.89 


40.83 


21.89 


109 


Electron dot formulas and structural formulas 


4.14 


16.57 


28.99 


33.73 


16.57 


110 


Types of bonding related to electronegativity differences 


10.65 


19.53 


31.95 


30.77 


7.10 


111 


Valence shell electron pair repulsion model (VSEPR) 


14.79 


23.08 


28.99 


25.44 


7.69 


112 


Chem. /physical properties of compourtds related to type of bonding/geometry 


9.47 


22.49 


31.36 


27.81 


8.88 


Th« Kinetic ThMry and States of UattM- 












113 


Special piropertie* of water (e.g., density of solid versus liquid) 


11.76 


15.29 


22.94 


38.24 


21.76 


114 


Rei. among phases of matter, forces i>etween particles and particle energy 


13.S5 


13.02 . 


31.36 


31.36 


20.71 


115 


Assumptions of the kinetic molecular theory 


14.14 


15.98 


33.14 


33.14 


13.61 


116 


Relationships among voiume/pressure/temperature/quantity for ideal gases 


22.99 


11.98 


27.54 


37.13 


20.36 


117 


Real versus ideal gases 


19.64 


25.30 


33.73 


23.49 


7.83 


118 


Phase changes for a pure substance 


14.73 


16.57 


37.87 


27.22 


13.61 


119 


Relationships among evaporation rate /boiling temperature/vapor pressure 


11.78 


16.57 


37.28 


29.59 


14.79 


120 


Characteristics of crystals 


12.35 


15.88 


48.24 


25.29 


8.24 


Chemical Reactions 












121 


Equation iMiiancing from written description of chemical reaction 


1.78 


10.06 


21.89 


39.05 


27.22 


122 


General types of chemical reactions 


2.35 


11.18 


26.47 


36.47 


23.53 


123 


Amounic of reactants and/or products using a balanced chemical equation 


3.53 


9.41 


31.76 


35.29 


20.00 


124 


Endothermic and exothermic reactions 


4.73 


11.24 


31.95 


40.24 


11.83 


125 


Collision theory and reaction rates 


8.88 


19.53 


39.05 


27.81 


4.73 


126 


Activation energy and the effects of a catalyst 


7.65 


15.29 


42.35 


25.29 


9.41 


127 


Rate-influencing factors in chemical reactions 


4.73 


13.02 


37.87 


31.36 


13.02 


128 


Chemical •quilibrium 


5.99 


12.57 


35.93 


31.14 


14.37 


129 


Le Chtteiier's principle 


12.12 


25.45 


35.15 


20.00 


7.27 


130 


Factors that disturb equilibrium (e.g., temperature, pressure, concentration) 


8.82 


17.06 


34.12 


27.65 


12.35 


131 


Oxidation and reduction reactions 


4.71 


18.24 


31.18 


30.00 


15.86 


132 


Electrochemical cells and electrode reaciions 


5.92 


18.93 


42.01 


24.26 


8.66 


133 


Practical applications of electrochemistry 


5.88 


18.24 


32.94 


32.94 


10.00 



Level of Understanding: 0 = An understanding of the l<nowledge area is not needed: 1 = (Define the terms used in the l<nowledge area; 2 = 
Comprehend the essential properties of the l<nowledge area; 3 = Apply/Utilize the l<nowledge area to address problems or questions; 4 = 
Analyze the l<nowledge area into component parts and explain the interrelationships among the parts. 
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L«vl of UiKiw«Ui>dlng 



% RMpondIng 







0 


1 


2 


3 


4 


C.PHYSICS (cont) 


























01 


VySVv cnarsvwTisuv* ^•pvvwi ■inpiiiuawi wawivnguii iim^uoiiby^ 


.00 


5.88 


24.71 


37.06 


32.35 




iransvoffM wiKi lOfiyiiuainai waws 


.00 


8.93 


32.74 


35.71 


22.62 


fit 




.58 


7.02 


26.90 


43.27 


22.22 


Oil 


Rtffrflction 


.58 


7.60 


26.32 


43.86 


21.64 




UtTTlHCUOII 


1.18 


10.59 


32.94 


38.82 


16.47 


00 




2.38 


20.24 


36.31 


30.95 


10.12 • 


Of 


ulspvffSion 


4.14 


22.49 


39.64 


24.85 


8.88 


88 


Standing wav«* and resonance 


2.96 


18.34 


43.20 


25.44 


10.06 


89 


Doppler effect 


.60 


11.90 


34.52 


34.52 


18.45 


90 


Characterietic* of sound waves (e.g., pitch, loudness, speed, timbre, beats) 


1.78 


8.88 


29.59 


33.73 


26.04 


91 


The electromagnetic spectrum (gamma rays to radio waves) 


1.78 


5.92 


30.18 


36.09 


26.04 


92 


Color 


.00 


7.06 


27.65 


39.41 


25.88 


93 


Laser light 


.59 


11.76 


40.59 


31.76 


15.29 


94 


Optics (e.g., mirrors, lenses, prisms, fiber optics) 


.00 


7.06 


29.41 


42.35 


21.18 


95 


Polarization 


.59 


15.38 


44.38 


30.18 


947 


D. CHEMiSTDY 












Periodicity 












98 


The periodic table 


.58 


1.74 


16.28 


39.53 


41.86 


99 


The position of solids, liquids, etc. on the periodic table 


1.16 


. 5.81 


28.49 


37.79 


26.74 


100 


Trends In melting and boiling temperatures 


2.35 


15.88 


34.12 


34.71 


12.94 


101 


Trends in atomic radii. Ionization energy, electron affinity, and electronegativity 


5.88 


18.24 


37.06 


30.59 


8.24 




ole, Chemicai BomBng and Mnleriilaf Gaometry 












102 


Mole concept and conversion among moles, molecules, grams 


7.74 


16.67 


28.57 


33.33 


13.69 


103 


Information conveyed by a chemical formula 


.60 


7.19 


15.57 


41.92 


34.73 


104 


Simple Inorganic nomenclature 


2.98 


14.88 


25.00 


33.93 


23.21 


105 


Classes of organic compounds (I.e., alkanes, alkenes, alcohols) 


5.29 


17.06 


38.24 


25.29 


14.12 


106 


Percent composition of elements In a compound 


4.19 


14.37 


30.54 


34.13 


16.77 


107 


Law of constant composition and law of multiple proportions 


4.82 


21.08 


30.72 


31.33 


12.05 



Level of Understanding: 0 = An understanding of the knowledge area is not needed: 1 = Define the terms used In the knowledge area; 2 >= 
Comprehend the essential properties of the knowledge area; 3 - Apply/Utilize the knowledge area to address problems or questions; 4 = 
Analyze the knowledge area Into component parts and explain the Interrelationships among the parts. 
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L«v«l of Understanding 



% Responding 







0 


1 


2 


3 


4 


D. CHEMISniY (oont) 












Sohilions and SoiubWy 












134 


TvoAS of SAliiflons 


1.16 


11.05 


31.40 


33.14 


23.26 


lis 




1.74 


13.37 


36.63 


33.72 


14.53 


f36 


Effects of temperature and pressure on solubility 


.00 


9.94 


38.01 


35.67 


16.37 


137 


Dissolving process and the factors that effect the rate ot dissolving 


2.33 


10.47 


38.37 


33.14 


15.70 


138 


Concentration of solutions 


.58 


9.30 


29.07 


38.37 


22.67 


139 


Conductivity of solutions and the ionization process 


4.07 


16.86 


33.72 


35.47 


9.88 


140 


Colllgative properties of solutions 


8.93 


21.43 


36.90 


26.79 


5.95 


141 


Acids, iMses, and salts 


.00 


4.05 


20.23 


43.35 


32.37 


142 


pH 


.00 


4.05 


21.97 


45.09 


26.90 


143 


Strong versus weak acids and iMses 


1.17 


7.02 


32.16 


37.43 


22.22 


144 


Buffer solutions 


2.34 


13.45 


35.67 


32.16 


16.37 


E BIOLOGY 












The Co* 












147 


Prokaryotic and eukaiyotic cells 


5.52 


14.11 


31.29 


29.45 


19.63 


148 


Structure and functions of cellular organelles 


2.45 


7.98 


25.15 


38.04 


26.38 


149 


Plant and animal cells 


.00 


1.20 


17.47 


39.^6 


42.17 


150 


Structure and function of membranes (e.g., active transport, plasmolysis) 


1.21 


1.82 


26.67 


41.21 


29.09 


151 


Cttemlcal reactions In respiration 


1.82 


8.48 


36.36 


31.52 


21.82 


152 


Chemical reactions In photosynthesis 


.60 


6.02 


33.73 


33.13 


26.51 


153 


Interrelationships of metabolic pathways 


6.06 


12.73 


40.61 


27.88 


12.73 


154 


Principles of enzymatic activity 


4.94 


16.05 


35.80 


30.86 


12.35 


155 


Cell cycle 


3.09 


10.49 


27.16 


36.42 


22.84 


156 


Stages and purposes of mitosis and cytokinesis 


1.23 


4.94 


27.16 


41.36 


25.31 


157 


Stages and purposes of melosis 


1.23 


6.75 


24.54 


41.72 


25.77 


GaiMttca 












158 


Structure and replication of DNA 


.62 


6.79 


31.48 


36.42 


24.69 


159 


Basic mechanisms of protein synthesis 


3.66 


12.20 


37.20 


26.83 


20.12 


160 


Causes and results of mutations 


2.45 


12.27 


30.67 


33.74 


20.86 



Level of Understanding; 0 = An understanding of the l<nowledge area is not needed; 1 = Define the terms used in the l<nowledge area; 2 = 
Comprehend the essential properties of the Icnowledge area; 3 = Apply/Utilize the Icnowledge area to address problems or questions; 4 = 
Analyze the Icnowledge area into component part; <nd explain the interrelationships among the parts. 
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L«v«l of Understanding 



% Responding 







0 


1 


2 


3 


4 


E. BIOLOGY (oong 












161 


G«n«tic anglOMrlng 


4.27 


12.80 


34.15 


33.54 


15.24 


162 


Mandal's Laws and monohybrld and dihybrid crosses 


2.45 


6.13 


19.63 


43.56 


28.22 


163 


Non-M«nd«lian Iniwritanc* (•.g., muitlpl* alleles, multiple genes) 


3.68 


12.88 


28.22 


38.65 


16.56 


164 


Interaction between heredity and environment 


1.23 


5.52 


20.86 


41.72 


30.67 


165 


Human genetic disorders 


1.88 


8.13 


33.13 


33.13 


23.75 


Evohitton 












166 


Historical developments relating to the origin of life 


4.32 


12.35 


33.95 


28.40 


20.99 


167 


Evidence for and factors affecting evolution 


4.29 


12.88 


25.77 


30.06 


26.99 


168 


Theories and patterns of evolution 


4.32 


14.81 


23.46 


3? 5? 


25 31 


169 


Isolating mechanisms and speclatlon 


7.98 


17.18 


33.13 


30.CC 


11.6S 


OivMrsityof Ute 












170 


General characteristics of life 


.61 


1,23 


13.50 


37.42 


47.24 


171 


Classification schemes (Five Kingdoms and nomenclature) 


.00 


3.03 


24.24 


40.00 


32.73 


172 


Characteristics of viruses, monerans, protlsts, fungi, plants and animals 


.00 


6.67 


20.61 


42.42 


30.30 


Plants 














173 


Nonvascular and vascular plants 


1.21 


3.64 


23.64 


47.27 


24.24 


174 


Structure and functions of roots, stems, and leaves 


.00 


1.83 


20.12 


46.34 


31.71 


175 


Transport systems, nutrient uptake 


.61 


5.52 


26.99 


44.17 


22.70 


176 


Control mechanisms (e.g., hormonjs, photoperiods, tropisms) 


3.07 


6.75 


42.94 


34.36 


12.88 


177 


Asexual reproduction 


1.21 


3.03 


28.48 


45.45 


21.82 


178 


Sexual reproduction (flowers, fruits, seeds, dispersal, germination) 


.00 


2.44 


23.17 


42.07 


32.32 


AnimaU 












179 


Digestion and nutrition 


.61 


.61 


20.61 


41.82 


36.36 


180 


Circulation 


.61 


.61 


20.86 


42.94 


34.97 


161 


Respiration 


.61 


.61 


20.12 


43.90 


34.7« 


182 


Excretion 


.61 


1.22 


20.12 


45.12 


32.93 


183 


Nervous system ^ 


.61 


1.22 


21.34 


43.29 


33.54 


184 


Musculoskeletal system 


.00 


4.24 


24.85 


44.24 


26.67 


185 


Immune and lymphatic systems 


.00 


4.82 


28.92 


40.36 


25.90 



Level of Understanding: 0 = An understanding of the knowledge area is not needed; 1 = Define the ternns used in the knowledge area; 2 = 
Connprehend the essential properties of the knowledge area; 3 = Apply/Utilize the knowledge area to address problems or questions; 4 = 
Analyze the knowledge area Into component parts and explain the interrelationships among the parts. 
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Leval of Understanding 



% Responding 







0 


1 


2 


3 


4 


E. BIOU)GY(oont) 












186 


Endocrine system 


.00 


4.82 


30.72 


41.57 


22.89 


187 


Reproduction and development 


.00 


2.41 


18.67 


40.36 


38.55 


188 


Homeostasis 


.61 


6.06 


30.30 


41.21 


21.82 


189 


Responses to stimuli (taxes, Instincts, conditioned reflexes, learned behaviors) 


1.22 


6.71 


29.27 


37.80 


25.00 


Ecology 












190 


Population dynamics (Intraspecilic interaction) 


1.82 


11.52 


27.27 


37.58 


21.82 


191 


Ufe-history patterns (e.g., r and k strateglsU) 


9.04 


13.86 


33.73 


32.53 


10.84 


192 


Interspecific relationships 


1.81 


10.24 


23.49 


40.96 


23.49 


193 


Community structure and niche 


1.20 


9.64 


21.69 


39.76 


27.71 


194 


Social behavior (e.g., dominance, hierarchy, attruism) 


2.41 


10.84 


26.51 


39.16 


21.08 


195 


Species diversity In communities 


2.4t 


10.24 


26.51 


37.35 


23.49 


196 


Succession 


1.81 


11.45 


26.51 


37.95 


22.29 


197 


Aquatic and terresUial ecosystems 


.00 


7.83 


24.1 C 


38.55 


29.52 


198 


Food webs and energy flow through ecosystems 


.60 


4.22 


15.66 


39.16 


40.36 


199 


Cycling of materials (e.g., nitrogen, water, carbon) 


.60 


2.41 


22.89 


36.14 


37.95 


- 200 


Biomes 


.61 


4.85 


33.33 


29.09 


32.12 


F. EARTH AND SPACE SCIENCE 












Physical Geology 












203 


Physical and chemical properties of minerals 


.61 


6.06 


29.09 


38.79 


25.45 


204 


General types of minerals (e.g., silicates, carbonates) 


.61 


10.37 


38.41 


32.93 


17.68 


205 


Types of roclts and the processes that form them 


.61 


4.85 


23.03 


38.79 


32.73 


206 


Folding and faulting 


1.21 


5.45 


26.06 


39.39 


27.88 


207 


Earthqualtes 


.61 


3.64 


27.88 


35.15 


32.73 


208 


Volcanoes 


.61 


4.24 


27.88 


37.58 


29.70 


209 


Rock magnetism 


2.44 


19.51 


39.63 


26.83 


11.59 


210 


Isostasy 


6.88 


25.00 


34.38 


23.75 


10.00 


211 


Evidence from seismic studies 


3.68 


18.40 


33.13 


25.15 


19.63 


212 


Crust, mantle, and core 


1.23 


7.98 


28.22 


33.74 


28.83 


213 


Uthosphere and asthenosphere 


5.56 


10.49 


42.59 


23.46 


17.90 



Level of Understanding: 0 = An understanding of the knowledge area is no( needed; 1 = Define the terms used In the knowledge area; 2 - 
Comprehend the essential properties of the knowledge area; 3 = Apply/Utilize the l<nowledge area to address problems or questions; 4 •= 
Analyze the knowledge area Into component parts and explain the interrelationships among the parts. 
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Level of Understanding 



% Responding 







0 


1 


2 


3 


4 


f . EARIH AND SPACE SCIENCE (oonL) 












214 


Convection in the mantle 


3.68 


14.72 


34.97 


29.45 


17.18 


215 


Heat sources within the Earth 


2.44 


8.54 


40.85 


28.6« 


19.51 


216 


Hot spots 


1.83 


13.41 


44.51 


23.78 


16.46 


217 


Plate tectonic theory 


1.22 


4.88 


23.17 


35.98 


34.76 


218 


Physical and chemical weathering 


1.22 


7.93 


22.56 


37.20 


31.10 


219 


Mass wasting (e.g., creep, slump) 


6.13 


18.40 


36.81 


25.77 


12.88 


220 


Hydrologic cycle 


1.84 


8.59 


22.70 


36.81 


30.06 


221 


Artesian and nonartesian wells 


3.66 


16.46 


40.24 


29.88 


9.76 


222 
Mstol 


Process/structures of erosional/deposltional features shaped by running water 
teal Geology 


.61 


6.75 


23.93 


42.94 


25.77 


223 


Principle of uniformitarianism 


7.36 


17.79 


36.81 


20.86 


17.18 


224 


Relative and absolute time (including dating techniques) 


4.88 


12.80 


39.63 


26.22 


16.46 


225 


Geologic time scale 


3.05 


11.59 


32.93 


31.10 


21.34 


226 


Principles of stratigraphy (e.g., cross relations, superposition) 


10.43 


15.34 


38.04 


25.15 


11.04 


227 


Formation of atmosphere and hydrosphere 


1.83 


4.27 


37.20 


37.20 


19.51 


228 


Types of fossils and evidence provided by fossils 


1.83 


4.27 


37.20 


37.20 


19.51 


229 


Mass extinctions 


4.91 


12.27 


35.58 


29.45 


17.79 


OcMnography 












230 


Wind-generated waves (e.g., formation, motion) 


.61 


14.63 


40.24 


29.88 


14.63 


231 


Tides 


.61 


7.27 


34.55 


37.58 


20.00 


232 


Ocean currents (global and local; surface and deep) 


.00 


9.09 


36.36 


37.58 


16.97 


233 


Shore processes (e.g., formation of dunes, beach profiles, wave effects) 


.00 


12.12 


38.18 


33.33 


16.36 


234 


Geographic location of oceans and seas 


.61 


6.67 


32.73 


37.58 


22.42 


235 


Physical and chemical properties of the ocean 


.61 


10.43 


40.49 


32.52 


15.95 


236 


Topography of the ocean floor 


.61 


9.20 


43.56 


30.06 


16.56 


237 


EffecU of plate tectonics on the geology, biology, and topography of the ocean 
floor 


3.07 


4.29 


33.74 


31.90 


26.99 


238 


Nutrient cycles of the ocean 


1.84 


10.43 


34.97 


34.36 


18.40 



Level of Understanding: 0 = An understanding of the knowledge area Is not needed; 1 = Define the terms used in the ((nowledge area; 2 «■ 
Comprehend the essential properties o( the knowledge area; 3 = Apply/Utilize the knowledge area to address problems or questions; 4 » 
Analyze the knowledge area into component parts and explain the interrelationships among the parts. 
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L«v«l of Understanding 



% Responding 







0 


1 


2 


3 


4 


F. EARim AND SPACE SCtENCE (oont) 












MsHorology 












239 


Physical and chamlcal properties of atmospheric layers 


1.21 


14.55 


31.52 


35.76 


16.97 


240 


Saasonal and latitudinal variation of solar radiation 


2.41 


11.45 


36.75 


28.31 


21.08 


241 


Heat budget of the atmosphere and the natural greenhouse effect 


.00 


4.22 


27.11 


36.75 


31.93 


242 


Causes of winds 


.60 


5.42 


28.31 


39.76 


25.90 


243 


GlolMl wind t>elU 


1.82 


10.91 


37.58 


33.33 


16.36 


244 


Variations In circulation (e.g., sea and land breezes, monsoons, let sUeam) 


.60 


9.04 


36.14 


38.55 


15.66 


245 


Relative and absolute humidity (e.g., dew, frost point) 


.60 


8.43 


29.52 


40.96 


20.48 


246 


Cloud types and formation 


1.20 


7.23 


31.33 


39.16 


21.08 


247 


Precipitation types and formation 


.60 


6.02 


28.31 


39.76 


25.30 


248 


Air masses (e.g., temperature, moisture content, source areas) 


.00 


8.54 


31.10 


40.24 


20.12 


249 


High and low pressure systems (including storms) 


1.22 


3.66 


28.66 


37.80 


28.66 


250 


FronUI systems (e.g., cold, warm, sUtlonary, occluded) and associated weather 


1.20 


5.42 


25.90 


45.18 


22.29 


251 


Weather maps and station models 


1.20 


6.02 


29.52 


39.16 


24.10 


252 


Weather forecasting 


1.82 


8.48 


27.88 


40.00 


21.82 


253 


Regional and local natural factors affecting climate (e.g., topography, latitude) 


.00 


8.43 


33.73 


33.73 


24.10 


254 


Desertification, enhanced greenhouse effect, volcanic ash effects on climate 


1.21 


9.70 


29.09 


33.94 


26.06 


Astronomy 












255 


Theories of and evidence for the origin of the universe 


1.21 


6.67 


30.91 


35.15 


26.06 


256 


SUucture of the universe (e.g., galaxies, novas, black holes, quasars, stars) 


1.21 


6.06 


34.55 


35.15 


23.03 


257 


Urge uniU of disUnce (e.g., asUonomical unit, light-year, parsec) 


1.20 


12.65 


31.93 


36.75 


17.47 


258 


Origin and life cycle of sUrs 


2.42 


9.09 


40.00 


31.52 


16.97 


259 


Origin of the solar system 


2.42 


7.88 


33.33 


31.52 


24.85 


260 


Major features of the Sun (Including Its energy source) 


.61 


3.64 


34.55 


41.82 


19.39 


261 


SUucture of the solar system (e.g., planets, moons, asteroids, comets) 


.60 


6.02 


21.69 


41.57 


30.12 


262 


Phases of the Moon 


1.81 


7.23 


25.30 


37.35 


28.31 


263 


Lunar and solar eclipses 


.60 


5.42 


28.31 


33.73 


31.93 


264 


Causes of seasons 


1.20 


2.41 


20.48 


37.95 


37.95 


265 


Factors determining the length of a planeUry year and day 


1.81 


9.04 


1 33.73 


29.52 


25.90 



Level of Understanding: 0 = An understanding of the knowledge area is not needed; 1 = Define the terms used in the knowledge area; 2 = 
Comprehend the essential properties of the knowledge area; 3 = Apply/Utilize the knowledge area to address problems or questions; 4 » 
Analyze the knowledge area Into component parts and explain the interrelationships among the parts. 
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L«vl of Und«r»tondlng 



% Responding 







0 


1 


2 


3 


4 


F. EARTH AND SPACE SCIENCE (cent) 












266 


Tim* zon«s on th* Earth 


2.41 


7.23 


28.92 


38.55 


22.89 


267 


Spac* exploration 


1.21 


3.64 


30.30 


40.00 


24.85 


268 


Exploration of Earth from apaca 


2.44 


7.32 


32.93 


33.54 


23.78 


a SCIENCE, TECHNOLOGY. AND SOCIOY 












271 


Issuas aasoclatad wHh anargy production and um 


.60 


3.59 


17.96 


46.11 


31.74 


272 


laauas asaociatad with production and uaa of conaumar producU 


.00 


6.67 


23.64 


43.64 


26.06 


273 


Prob. causad by tha biological magnification of toxic materials in food chains 


.00 


4.22 


16.87 


46.39 


32.53 


274 


Conaarvation of nonranewabia rasourcas (e.g., soil, meUls, and fossil fuels) 


.00 


1.20 


10.84 


45.78 


42.17 


275 


Rel. of gaog. distribution of natural resources/population patterns/global politics 


.00 


10.84 


19.88 


46.39 


22.89 


276 


Issuas aasoclatad wHh biotechnology 


.00 


9.64 


23.49 


46.39 


20.48 


277 


Biological and chemical conud of agricultural petts 


.60 


11.45 


22.29 


42.77 


22.89 


278 


Effect of agricuttural practice on the environment 


.61 


6.06 


23.64 


44.24 


25.45 


279 


Uaa of science and technology to predict and prepare for natural disasters 


.61 


9.70 


23.03 


47.27 


19.39 


280 


Use of technology in everyday devices 


1.20 


3.01 


22.89 


48.19 


24.70 


281 


Isauea associated with health and wellness 


1.20 


3.01 


18.07 


51.20 


26.51 


282 


Issues associated with technology transfer 


1.21 


11.52 


27.88 


44.85 


14.55 



Level of Understanding: 0 = An understanding of the knowledge area is not needed; 1 = Define the terms used in the knowledge area' 2 
Comprehend the essential properties of the knowledge area; 3 = Apply/Utilize the knowledge area to address problems or questions; 4 ' 
Analyze the knowledge area Into component parts and explain the interrelationships among the parts. 
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Appendix H 

Mean Importance Ratings by Subgroups 
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